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Groundwater flow patterns were determined and locations and rates of surface 
water / groundwater exchange were examined in a floodplain aquifer. Over 100 
wells and sampling sites were utilized to characterize surface water and 
groundwater. Water geochemistry was described using stable isotopes, specific 
conductance and major ions. Hydraulic head data were collected regularly and 
using recording transducers. Temperature profilers recorded vertical 
temperature fluctuations within surface water and groundwater at discrete 
intervals. A two dimensional heat flow model (VS2DH) was built and calibrated 
to estimate groundwater flow velocities near the river. Depth discrete slug tests, 
borehole dilution tests and a pumping test were conducted to estimate average 
and discrete hydraulic conductivity values. Hydraulic conductivity, drilling records 
and river stage data were used to build a three dimensional numerical model 
(MODFLOW) of the overall groundwater flow patterns at the floodplain scale. 
Temperature, chemistry, groundwater velocity, potentiometric surface and stream 
flow data were used to calibrate the model.
The aquifer appears to have two dominant flow systems -  1) a deep flow 
system with long flowpaths (0.5 to 8-km) and 2) a shallow flow system with many 
short flowpaths (1 to 500 m). There are two main recharge areas -  1) the upper 
most reach of the floodplain down to the confluence of Nyack Creek and 2) the 
Wally area. River infiltration rates were found to range from between 1.1 and 3.6 
m /̂m^d at the head of the valley. Hydraulic conductivity ranged from less than 1 
m/d to over 1000 m/d within the aquifer with an average of around 400 m/d. 
Groundwater residence times range from 0 at the recharge areas to 1.5 years at 
the downstream end of the floodplain. The location of groundwater and surface 
water exchange is controlled by the physical geometry of the floodplain system 
while the magnitude is controlled by the transmissivity of the sand and gravel 
aquifer as well as seasonal fluctuations in river stage.
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Introduction
In the U.S., there are approximately 3.6 million miles of rivers, of which 
500,000 miles have been identified as needing restoration (EPA, 2000). In order 
to adequately initiate re-naturalization of rivers, it is important to both qualitatively 
and quantitatively understand how surface water and groundwater interact. 
Recent work has identified the importance of the hyporheic zone (groundwater / 
river water mixing zone) in critical biogeochemical cycling in river ecosystems 
(Bencala, 1993; Bourg and Berlin, 1993; Stanford and Ward, 1993; Trisk et al., 
1993; Valettet al., 1997; Dahm et al., 1998; Stanford, 1998; Hinkle et al., 2001). 
The balance of biological and hydrological riverine processes depends on the 
magnitude and location of water exchange in the channel / floodplain continuum.
Early studies performed by river ecologists viewed rivers as closed 
systems with groundwater separated from surface water (Valett et al., 1993). 
Several decades ago, scientists began to identify surface water / groundwater 
mixing zones based on biologic assemblages. Stanford and Gaufin (1974) found 
stonefly nymphs in interstitial habitats of the hyporheic zone below two Montana 
rivers and suggested the possibility of an exchange process. Other early studies 
made various attempts at defining the mixing zone between rivers and adjacent 
aquifers (Williams and Hynes, 1974; Hynes, 1975).
Nutrient availability and biological growth in river systems have been 
linked to complex interactions between groundwater and surface water. Stanford 
and Ward (1988) linked the presence of stonefly nymphs in floodplain substrate 
to nutrient cycling at the interface and delineated the hyporheic zone using
specific conductance of surface water and groundwater. Triska et al. (1989) 
conducted a tracer test to determine retention and transport of nutrients in the 
hyporheic zone of a small stream. A number of studies have addressed the 
integrated character of ecology and hydrology within and associated with the 
hyporheic zone (Bansak, 1998; Bencala, 1993; Cavallo, 1997; Dahm et al., 1998; 
Garrett et al., 1998; Hendricks, 1993; Palmer, 1993; Poole, 2000; Stanford and 
Ward, 1988; Stanford et a!., 1993; Stanford, 1998; Stanley and Jones, 2000; 
White, 1993).
Methods to differentiate hyporheic water from true groundwater are 
improving. Kasahara (2003) compared channel morphology to surrounding 
groundwater head information to create a numerical model of the hyporheic zone 
of a small creek. Alexander and Caissie (2003) utilized temperature loggers and 
seepage meters to identify the variability of flux rates in a hyporheic zone of a 
small stream. Other hydrologically based studies have identified physical and 
chemical processes to characterize groundwater / surface water exchange. 
However, most studies focus on relatively small river systems (e.g. Harvey and 
Bencala, 1993; Mulholland, 1993; Silliman and Booth, 1993; Constantz, 1998;
Hill et al., 1998; Wroblicky et al., 1998; Anderson et al., 2002; Gooseff et al., 
2002; Harvey and Wagner, 2000; Horner et al., 2000; Gardner and Sullivan, 
2004). Few have discussed the spatial and temporal distribution of groundwater 
/ surface water exchange in large river systems (e.g. Sharp, 1988; White, 1993; 
Fernald et al., 2001; Hinkle et al., 2001; Pepin and Hauer, 2002; Poole et al., 
2004).
The groundwater flow systems associated with stream channels and 
floodplains play a large role in the distribution of biological assemblages within a 
floodplain (Bourg and Bertin, 1993; Stanford and Ward. 1993; Hinkle et al., 2001; 
Alexander and Caissie, 2003). Researchers have found that groundwater 
velocity, flowpath, residence time, temperature and chemistry play important 
roles in the distribution of biological assemblages within alluvial floodplain 
aquifers.
Goal and Objectives
The goal and objectives of this project are in line with the overall mission of 
the National Science Foundation (NSF) grant #0120523, Biocomplexity: controls 
on emergent properties of river floodplains. The NSF project views river 
floodplains as “regional centers of ecological organization” and focuses on the 
transmission of water, heat, nutrients, biota and sediment through the system.
The goal of my project is to identify controls on the magnitude and locations 
of surface water / groundwater exchange in a large scale gravel bedded alluvial 
floodplain system. Specifically, I:
1. Developed methods to quantify sources of hyporheic water and 
groundwater exchange at the floodplain scale.
2. Identified seasonal variations in the three-dimensional surface water / 
groundwater exchange.
3. Evaluated field observations, interpretations and the overall conceptual 
model using numerical modeling techniques.
This work will provide biologists, ecologists and geomorphologists with 
estimates of the spatial and temporal distribution of the velocity, flow 
direction and residence time of exchanged water.
Study Site
The Nyack floodplain site is situated in a montane river valley on the 
Middle Fork of the Flathead River approximately 12 km east-southeast of 
West Glacier, MT (Fig. 1). The Nyack valley is 8 km long with an average 
width of 1.5 km and a surface area of approximately 12 km .̂ The site is 
within a Wild and Scenic river section of the Middle Fork of the Flathead 
River. A two-lane road (Highway 2) and railroad run parallel to the long axis 
of the site. Several small railroad abutments have been constructed along 
the west bank of the river. There are about 15 homes with domestic wells 
and a small Department of Transportation highway maintenance facility 
within the study site.
The Middle Fork has a drainage area of 2900 km  ̂and an average 
annual flow of 82 cms (long-term discharge records, U.S. Geological Survey, 
Gauge #12358500 located 11 km downstream of the northwest site 
boundary). In 2004, a peak flow of 309 cms occurred on May 5̂*̂ and a low 
flow of 6.5 cms occurred on January 28*̂ . The highest flow in recorded 
history (since 1940) was 3967 cms on June 9, 1964. Nyack Creek (mean 
annual discharge estimated at 1 cms) and Harrison Creek (mean annual 
discharge less than 1 cms) enter the floodplain from Glacier National Park to
mm.
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Figure 1. Location map for the Nyack floodplain, northwest Montana,
the north and are the dominant tributaries to the Middle Fork in the study site. 
See Figure 2 for maps of (a) areas and (b) surface waters that will be 
referenced throughout the paper. Biological, hydrological and geochemical 
studies have been conducted on the Nyack floodplain since the early 1970’s 
(Stanford et al., 1974; Stanford et al., 1994; Case, 1995; Cavallo, 1997; 
Harner et al., 1997; Bansak, 1998; Ellis et al., 2000; Poole, 2000; Johnson, 
2003).
The Middle Fork abruptly enters the floodplain from the south after 
flowing through a narrow canyon and then leaves to the north through a 
knick point in the basement rock (Stanford et al., 1994; Baxter, 2000; Poole, 
2000). The river is braided and anastomosed through the floodplain with 
multiple channel types (main channels, bank full channels and flood 
channels). The Middle Fork is reported to lose 30% of its flow to the aquifer 
at the upstream end of the floodplain and re-enters the river at the 
downstream end (Stanford et al., 1994). The stretch of river within the study 
site meanders back and forth alternating between gaining and losing with 
reaches of flow through and parallel flow (Woessner, 2000). All groundwater 
discharges to the river through direct seepage and spring brooks (Stanford 
et al., 1994; Poole, 2000).
Basement rock consists of Precambrian argillite and carbonate of the 
Belt Supergroup and Tertiary continental deposits including sand and 
conglomerate with coal seams (Ross, 1963; Stanford et al.. 1994; Tuck et al. 
1996; Harrison, 2004). The shallow floodplain aquifer consists of a complex
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Figure 2a. Areas that will be referenced throughout the paper.
H aim son Creeik
v F is iM iiiiii®
3KDëerliiGk C r ^ k
Æ
0 500 1,000 2,000 3.000 4,000 
I Meter
Figure 2b. Surface water that will be referenced throughout the 
paper.
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latticework of highly conductive fluvially derived sediments ranging in size 
from clay to boulders underlain by up to 160m thick sequences of silt and 
clay with lenses of coarse grained sediment (Stanford et al., 1994; Tuck et 
al., 1996; Hawkins, 2003; Johnson, 2003; Harrison, 2004). The thick silt and 
clay unit is possibly of lacustrine origin due to varved silt/clay sequences 
characteristic of a lake within a cold climate. The sand and gravel unit 
serves as the floodplain aquifer and ranges from at least 40 m thick at the 
head of the floodplain to 7 m thick at the downstream end. It has an 
estimated volume of approximately 320,000 m .̂ Johnson (2003) found 
hydraulic conductivity to range from 32 to 2100 m/d. The water table ranges 
from 0.5 to 3.0 m below land surface throughout the aquifer.
Previous Geophysical and Hydrogeologic Work
Several studies have investigated the sedimentary structure of the 
floodplain. Poole et al. (1997) utilized ground penetrating radar (GPR) to 
identify subsurface paleochannels represented by u-shaped structures in the 
shallow subsurface. The technique had limited success due to the very 
large average grain size within the shallow aquifer and the presence of clay 
and other fine grained material in the soil matrix that dampened the signal. 
Hawkins (2003) and Johnson (2003) completed a more extensive GPR 
survey of the floodplain. They found identifiable patterns reflecting broad cut 
and fill structures. Harrison (2004) investigated the depth to bedrock 
distribution throughout the floodplain. He did this by identifying anomalies in
the gravity field within the floodplain. The data were then converted into a 
depth to bedrock model that suggests the Nyack valley contains over 180m 
of sediment at its deepest point.
Methods and Analytical Procedures
After analysis of previous work conducted on the Nyack floodplain, 
procedures were developed to identify the occurrence, flowpaths, residence 
times, flux rates and exchange patterns of water within the aquifer system. 
In order to do this, the physical framework was established by investigating 
the stratigraphy. Stable isotope analysis was useful in determining the 
source of water to the floodplain. Vertical and horizontal groundwater 
gradients were determined by physical water level measurements. The 
hydraulic conductivity distribution within the sand and gravel aquifer was 
estimated using slug tests, a pumping test, point dilution tests and flood 
pulse analysis. Groundwater velocity and exchange rates were estimated 
through analysis of daily and seasonal surface water and groundwater 
temperature fluctuations and by point dilution tests. The distribution of 
specific conductance and calcium concentrations within the aquifer system 
provided additional insight into the occurrence of groundwater flowpaths. 
Finally, a floodplain-scale numerical model was developed to test my 
conceptual model of groundwater / surface water exchange.
10
stratigraphy
The floodplain stratigraphy was investigated by examining and 
interpreting domestic well logs, resistance to drilling during well installation, 
split spoon samples of the last 40 cm of 20 7.6-cm diameter auger bored 
wells and interpretations of surface geophysical techniques. Low resistance 
to drilling was interpreted as sand, silt or clay; moderate resistance was 
interpreted as sand to pebble gravel; high resistance was interpreted as 
coarse gravel to cobble; very high resistance interpreted as cobble to 
boulder sized material. During the installation of 20 7.6-cm diameter wells 
by auger drilling, split spoon samples were taken at varied depths throughout 
the floodplain. The samples helped to refine our stratigraphie interpretations. 
Appendix A contains well logs and cross-section interpretations. Appendix O 
(on compact disk) contains photos of the sediment samples.
Isotope Analysis
Groundwater and surface water samples were collected for analysis of 
and 5^H during two sampling events in June and November 2003 
correlating with high and low stream discharge periods, respectively. Samples 
were collected from wells using a peristaltic pump and polyethylene tubing. 
Three well volumes were pumped prior to collection of the sample to ensure the 
well was completely purged. Nalgene polyethylene bottles (60 mL) were then 
triple rinsed and filled to the top to minimize head space and capped with tight 
fitting lids. Surface water samples were collected by triple rinsing, then
11
submersing the bottle under the water. Once the bottle was completely filled with 
water, the cap was screwed on while still submerged to minimize the amount of 
headspace -  air interaction. The samples were kept at or below room 
temperature and were not frozen. They were mailed to the Alaska Stable Isotope 
Facility at the University of Alaska, Fairbanks for analysis within one week of 
collection. The samples were analyzed with a Thermo Finnigan Delta '̂"  ̂XL 
mass spectrometer interfaced with a ThermoQuest high temperature conversion 
elemental analyzer (reported precision was +/- 2%o for H and +/- .2%o for O). See 
Appendix B for further discussion on the H and O isotope theory and results.
Water Table Elevation
The floodplain was instrumented with over 100 steel and PVC wells, 
piezometers and staff gages installed for this and related projects (see 
Appendix C for a description of all wells and staff gages). Monitoring wells 
ranged in diameter from 2.54cm to 7.6cm. Several domestic wells were also 
utilized. The small diameter monitoring wells (2.54cm to 5.08cm) were 
installed with a model 5400 Geoprobe (Geoprobe Systems, Inc., Salina, KS) 
direct push system. The larger diameter monitoring wells (7.6cm) were 
installed with an auger system with a 22.9cm flight. Staff gages consisted of 
a staff plate secured to a fence post or a piece of steel rebar pounded into 
the stream bed. Three crest stage gages were also constructed of up to 10 
temperature loggers at 13-cm intervals attached to a tree or fence post.
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The same metric water level meter (Heron Instruments Little Dipper 
Model) was used throughout the project to measure depth to groundwater. 
Based on multiple readings of the same water level at a single time, 
precision is +/- 5 mm. Notches were carved into the top of the well casing to 
ensure that measurements were consistently taken from the same place. 
Water levels were also read from staff gages with an accuracy of 2 to 4 mm 
depending on the staff gage. Resolution for the crest stage gages was +/- 
13cm. A table of measured water levels is in Appendix M.
Site Location
Well and staff gage coordinates were established with an extensive 
survey using a Leica Model TC307 Total Station (laser theodolite). All 
coordinates presented in this paper are projected in UTM / NAD 83 with 
metric units. The x/y-coordinates for the starting point of the survey were 
taken from a U.S. Forest Service (USFS) benchmark named TRAV 17 (x- 
290965.503 / y- 5372011.064) in the middle of the front pasture near the 
hayfield weather station. The z-coordinate was taken from a National 
Geodetic Survey (NGS) benchmark TM0758 located on Highway 2 
approximately 360 m west of TRAV 17 (z-1011.783). At least two tie points, 
preferably three, were back shot every time the station was moved in order 
to reduce the survey error. Several survey loops were connected and two 
additional NGS benchmarks were surveyed to increase confidence in the 
survey. With back shot error corrections, the completed loops and NGS
13
benchmarks were all surveyed to within 5 cm of their original coordinates.
One of the NGS benchmarks was surveyed to within 9 mm in the z- 
coordinate. Site locations in which elevation was not as critical to project 
goals were determined using a Garmin handheld GPS unit. See Appendix D 
for a table of site locations including the location instrument. Figure 3 a,b 
and c show the locations of wells, piezometers and staff gages within the 
floodplain.
Pneumatic Slug Tests
Whole well slug tests have been used for decades to determine hydraulic 
conductivity of the subsurface (Hvorslev, 1951; Bouwer and Rice, 1976). 
Recently, researchers have developed methods to make depth discrete hydraulic 
conductivity estimates in partially penetrating wells (Butler et al., 2003; Zlotnik, 
1994; Widdowson et al., 1990). I estimated depth discrete hydraulic conductivity 
at one meter intervals by conducting pneumatic slug tests using a double packer 
system. The slug tests were conducted in 20 7.6-cm diameter wells. Originally, 
the packer system was constructed with 5.08-cm diameter schedule 40 PVC 
monitor pipe with flush coupled ends. Five foot sections were used for easier 
manipulation and the use of o-rings wherever possible was necessary to hold air 
pressure. A screened section was mounted on the bottom of the casing. 
Inflatable rubber packers were mounted above and below the screened section. 
When inflated, the packers would isolate a one-meter section of the well. The 
design was later reduced to 3.81-cm diameter schedule 80 PVC monitor pipe
14
due to problems with the 5.08-cm diameter pipe getting hung up in the well. 
Appendix E contains the slug test packer system design information.
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Figure 3a. Well locations (red circles).
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Figure 3b. Nested piezometer locations (green circles).
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Figure 3c. Staff gage locations (purple squares).
17
The slug data were then analyzed using the Bouwer and Rice method 
(Bouwer and Rice, 1976) for slug tests in highly conductive aquifers described by 
Butler and Garnett (2000) and Butler et al. (2003). The normalized head (length 
change from static water table) was plotted vs. dimensionless time. Several type 
curves were prepared and matched to the field data. See Figure 4 for an 
example. The hydraulic conductivity was then estimated using the flowing 
equation:
Kr = td* Xc In [Re I Tw*] / 1* 2b Cd, where td* = dimensionless time, rc= radius 
of casing, Re = Bouwer and Rice (1976) effective radius parameter, x^* = 
modified screen radius, t* = adjusted time, b = aquifer thickness and Cd = 
damping coefficient. Anisotropy of the aquifer was taken into account by 
adjusting the radius of the well screen (r^) by multiplying it times the square root 
of Kz/Kr and using the new value as the modified screen radius value in the 
Bouwer and Rice equation. This is a method discussed in Butler et al. (2003). 
The value of KJK^ is discussed in the Results section of this paper and a 
description of the effects of anisotropy on slug tests is given in Appendix N.
Point Dilution Tests
Depth discrete groundwater velocity estimates were attained by 
conducting point dilution tests in selected wells within the floodplain. Methods 
were modified from Lamontagne et al. (2002). Materials included a 3.2-cm
18
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Figure 4. (Top) High K response curves from packer slug tests. There are 
three curves for each because all slug tests were repeated with three 
different initial head displacements (10cm, 20cm and 30cm). (Bottom) 
Normalized head vs. dimensionless time curve matching technique from 
Butler et al. (2003). The blue curve shows true measurements and the 
pink curve is produced by the model.
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diameter HPVC pipe (enough length to reach the bottom of the well), a mixing 
device, a saline tracer solution, a down-hole conductivity probe and a stop watch. 
Our mixing device was a small plastic bottle with drill holes, filled with gravel and 
secured to the bottom of the PVC pipe. The method consisted of inserting the 
small diameter pipe and mixing device into the well so it reached the bottom, 
adding a volume of tracer solution that displaced the water in the inserted pipe 
and then releasing and mixing the tracer solution within the entire well by 
extracting the pipe.
First, the specific conductance of the well water was measured. Then, the 
volume of water in the well and the small diameter pipe were calculated and a 
dilution factor was determined. Then the proper volume and concentration of 
NaCI tracer was added so the specific conductance of the water in the well bore 
would increase by 500%. The conductivity was determined in the well bore by 
slowly moving a probe up and down the well taking measurements at 1 m 
intervals until the specific conductance returned to within 150% of background.
Results of this process were then plotted and compared to analytical 
models of borehole dilution developed by Lamontagne et al. (2002). The relative 
concentration was plotted versus time. Relative concentration is 
C*(t) = C(t) - Cb / Co - Ob, where G(t) is concentration at time t, Ob is
background concentration and C q is concentration at time 0.
Model curves were developed plotting the following curve {C*(t)=e' '̂^
where V * is apparent velocity, A  is cross-sectional area of well, V  is volume of
water in well interval and t is time. The apparent velocity was adjusted until the
20
Point Dilution Analysis
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Figure 5. Example of point dilution curve analysis. The pink squares are 
measured specific conductance values following the addition of a salt 
tracer to the well. The three curves are modeled borehole dilution 
curves. The groundwater velocity for this Interval was determined to be 
around 16.2 m/d (higher than 12 m/d and lower than 21 m/d).
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model curve matched the field measurements. See Figure 5 for an example. 
Once the apparent velocity was determined, the true groundwater velocity was 
determined using the following equation V = v*/an, where a is well shape factor
and n is porosity.
Flood Pulse Analysis
A method for estimating transmissivity of a floodplain aquifer from stage 
responses in a hydrologically connected river was presented by Finder et al. 
(1969). The method uses a curve matching technique to match an analytical 
model of head change in a well to the actual head change in the well. See 
Figure 6 for examples of curve matching results. The modeled curve is produced 
using the following equation:
hp = X(p, m=i) AHm {erfc (u / 2 * sqrt (p -  m))}, where hp is the head at 
distance x from the river; u = X / sqrt(v * At); A H m  is the incremental head 
change in the river; p is the number of time intervals since the beginning of the 
analysis period and m is an integer of length describing each incremental change 
in head of the river. Results using the method described above agreed with 
results from a similar method described by Ferris (1963).
Fluctuations in water level were measured using Global Water pressure 
transducers (model WL15). See Figure 7 for diagrams of surface water and well 
instrumentation. Surface water and groundwater measurements were taken at 
30 minute intervals. Water level measurements were also taken manually as
22
Floodpulse Analysis 
Nyack 22
0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010
0.005
—  Middle Fork @ N 22
—  N 22 
• Model
3/23/04
0:00
3/23/04
4:48
3/23/04
9:36
3/23/04
14:24
3/23/04
19:12
3/24/04
0:00
Date I Time
Floodpulse Analysis 
Waily E
0 12
E
0 10Q)O)
2
CO 0 08
c
•
0)
O ) 0.06
c(Q£
0.040)>
1
0.02
0.00   :  1-----------
2/1/030:00 2/1/034:48 2/1/03 9:36 2/1/03 14:24 2/1/03 19:12
—  Middle Fork
—  Wally E 
•  Model
Date I Time
Figure 6. Examples of flood pulse analysis curves. The blue lines represent 
the relative change in river stage and the pink lines represent the 
subsequent change in water level in the well. The black dotted line is the 
modeled water level change in the well.
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Temperature
LoggerPressure Transducer
Figure 7a. Continuous surface water temperature and stage measurement 
design. Pressure transducers were used to log stage and Ibuttons / Vemcos 
were used to log temperature.
Temperature
Logger
Pressure Transducer
Figure 7b. Well 
(left side of 
diagram) and 
piezometer (right 
side) design, 
Ibuttons and 
Vemcos were 
used to log 
temperature and 
pressure 
transducers were 
used to log water 
level. Most 
temperature 
loggers were 
seoarated bv
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often as possible to ensure that the loggers were properly calibrated. Surface 
water sites were instrumented with 5.08-cm PVC stilling wells that housed the 
pressure transducer. The design minimized eddies and pressure gradients 
caused by flowing water that could interfere with the transducer readings. Wells 
were instrumented using the guidelines in the Global water level logger user's 
guide.
Single Well Response Comparison
One well was chosen to be utilized as a calibration tool by comparing 
several hydraulic conductivity estimation techniques on the same well. A 
pumping test was conducted on a 7.6-cm diameter well (HA 05). Two 
observation wells were installed with a GEOPROBE® direct push system. Due 
to the high hydraulic conductivity of the aquifer, the observation wells were 
placed relatively close to the pumping well to ensure drawdown in the 
observation wells. Observation well #1 was installed 2.6 m to the SSW of HA 05 
and Observation well #2 was installed 9.9 m to the NE of HA 05 (see Figure 8 for 
a map of the setup).
Pressure transducers (Global Water model WL15) were installed in each 
observation well to record water level at 10 second intervals. Water levels were 
measured manually before and after the test to ensure the transducers were 
properly calibrated. The pumping well (HA 05) was pumped at an average rate 
of 0.45 m  ̂per minute for one hour and then shut off to allow the water table to 
recover. The data from the transducers showed that the water table reached
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Figure 8. HA 05 comparison pumping test setup. HA 05 was the 
pumping well. Water level was monitored in Observation Well #1 and 
#2. The clear well was used to view flourescein dye that was injected 
into Observation Well #1 and pumped toward HA 05.
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equilibrium very rapidly (within 2 minutes) so another shorter pumping test was 
conducted to attain a second set of drawdown and recovery curves for validation. 
A clear PVC well was also installed between the pumping well and Observation 
well #1 (Figure 8). During a third pumping test, flourescein dye was evenly 
distributed throughout the water column in Observation well #1 and a down hole 
video camera was lowered down the clear well to view the dye tracer pass by. 
This provided a visual confirmation of the location of highly conductive horizons 
adjacent to the well screen.
A 3.2-cm diameter steel sand point was pounded into the aquifer within 
3m of the original well. The screen length was .713m. Slug tests were 
conducted on the same intervals as the packer slug tests using a GEOPROBE® 
pneumatic slug system to provide a comparison of results.
Temperature Analysis
Many authors have used groundwater and surface water temperature to 
estimate exchange rates and locations (Bredehoeft and Papadopulos, 1965; 
Silliman et al., 1995; Constantz et al., 2002; Constantz et al., 2003). I logged 
groundwater and surface water temperature using iButton and Vemco 
temperature loggers. Wells were instrumented in several different configurations. 
The simplest configuration consisted of a single temperature logger (usually a 
Vemco) hanging from a cord at a selected depth within the well. More complex 
configurations consisted of iButtons secured to a length of 1.3-cm diameter PVC
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pipe and separated by foam baffles. Each iButton sampled a 13-cm length of 
water column within the well (Figure 7).
Both the iButton and Vemco temperature loggers are advertised to have a 
resolution of +/- 0.5°C, We conducted water bath calibration experiments and 
determined the average error for both temperature loggers were +/- 0.4°C. 
Correction curves were developed during our calibration experiments. When the 
measured temperature value is corrected using the correction curve, the 
resolution of each temperature logger is reduced to .1°C. This correction was 
applied to all temperature data in this paper.
Water Quality Analysis
Groundwater and surface water samples were collected for analysis of 
water chemistry (Clesceri et al., 1998). Groundwater samples were collected 
after purging at least three well volumes of water from the well with a high 
discharge diaphragm pump. Purge water was monitored for specific 
conductance while pumping and samples were not taken until it had stabilized to 
assure the well was completely purged. Samples were then collected with a 
submersible pump. Cation samples were collected in glass bottles with tight 
fitting lids. Anion and nutrient samples were collected in plastic bottles with tight 
fitting lids. Field blanks and duplicates were collected on a regular basis to 
ensure no cross-contamination. Samples were then taken to the field laboratory 
where the cation samples were preserved with reagent grade HNO3 after filtration 
with a 0.45 pm filter. All samples were then put on ice in a cooler and
28
transported to a refrigerator. The samples were analyzed with an inductively 
coupled plasma emission spectrometer (TJA Model IRIS ICP). Lab blanks, 
spikes and duplicates were analyzed on a regular basis using the U.S. 
Environmental Protection Agency Method #1620 to ensure no cross­
contamination and instrument calibration.
Point measurements of dissolved oxygen, temperature and specific 
conductance were taken with a YSI 55 DO / temperature meter and an Oakton 
model 35630-02 pH / conductivity / temperature meter. A table of measured field 
parameters is in Appendix L.
Conceptual Model -  Floodplain /  River Exchange
The exchange of water between the river and floodplain is represented 
below in a conceptual model. Discharge estimates are shown. Notice that 
tributaries from the Great Bear Wilderness and throughflow under the river and 
creeks are not shown as they are assumed to be negligible.
Harrison CreekNyack Creek
10° cms 10 cms
10̂  to 10"̂  cms
Middle Fork In Middle Fork Out
10 cms 10 cms
Sand & Gravel Aquifer
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Floodplain-scale Numerical Modeling
A 1-year transient numerical model was developed for use for testing the 
Nyack floodplain groundwater / surface water exchange conceptual model. The 
modeling program used was Visual MODFLOW 3.1 (McDonald and Harbaugh, 
1988). The Zone Budget package was used to quantify groundwater / surface 
water exchange, the MODPATH package was used to estimate residence times 
by particle tracking and WinPEST was used to estimate average hydraulic 
conductivity based on observation head and flow budget field data.
The width of the smaller creeks (Tom's Creek and Deerlick Creek) was 
used to set the overall grid-size for the model. In order to adequately reproduce 
the shape of the creeks, a uniform grid-size of 25 m was used.
The model was set up with 6 layers so vertical head gradients could be 
seen and used for calibration. The layers were set so that piezometer screened 
intervals would be directly in the middle of the layer. Therefore, the top two 
layers were set to 1 m thicknesses and the next three were set to 4 m 
thicknesses. The bottom layer extended to the bottom of the model. See 
Appendix F for an illustration.
Model boundaries were set using data collected in the field. Lower and 
side boundaries were set by creating an inactive flow zone based on the depth to 
bedrock model developed by Harrison et al. (2004). See Appendix F for an 
illustration.
The Middle Fork and the spring creeks within the floodplain were modeled 
using the River Package. River stage was based on elevation data obtained
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during the field survey. All river bed thicknesses were set to 1 m. River bed 
conductance values were calculated for each surface water body using the 
equation C  = (K  * L * W ) /  M, where K is the vertical hydraulic conductivity, L
is the length of the reach within the cell, W  is the width of the reach and M is the
thickness of the bed. Conductance values for each river group are listed below. 
K values were estimates using groundwater and heat flow modeling techniques 
discussed later.
River Group Conductance (m^/d)
Middle Fork of the Flathead River 18750
Beaver Creek 6250
Nyack Creek 6250
Wally Creek 2500
Twin Creek 2500
Deer Lick Creek 2500
Tom’s Creek 2500
Harrison Creek 2500
The model was first calibrated to steady state conditions in October 2003. 
Once the boundaries were set up, the model was run and calibrated to the head 
values from that month to make sure that all stage data were correct as well as to 
derive steady state head with which to begin the transient model. The steady 
state run produced an absolute residual mean head error of 0.21 m. This is an 
acceptable amount of error given the fact that the total change in head over the 
entire study area is 14 m.
Transient inputs include river stages for the Middle Fork and all spring 
creeks within the floodplain. Continuous water level transducers were used in
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the field to collect stage information. The input stage for the each stress period 
was taken at the 1®* of every month at 12:00 noon. The transient model was then 
run with 12 stress periods (one month each) with 10 time steps per stress period. 
Poole et al. (2004) stated that évapotranspiration accounts for a very small 
fraction of the water being taken out of the model (probably around 1 %) and that 
surficial recharge accounts for around 1% of the water being added to the model. 
Based on his statements and the absence of data, I did not include them as 
parameters in this model.
An additional source of water to the floodplain may include the Great Bear 
Wilderness to the southwest of the site. When the model was run with no 
recharge from the Wilderness area, water levels within several wells along the 
western side of the floodplain consistently calculated around 40 cm lower head 
than measured in the field. I then varied the flux of water entering the model 
from the Great Bear Wilderness area until the calculated water levels matched 
the measured water levels. The calibrated recharge from the Wilderness Area 
(southwestern boundary) was 2% of the total water balance and was included in 
the final model.
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Results
Floodplain Stratigraphy
The Nyack floodplain consists of an elongate bedrock bowl filled with 
glacial, fluvial and lacustrine sediments. Harrison et al. (2004) developed a 
depth to bedrock model of the floodplain and identified that the deepest point 
is directly beneath the Dalimata pasture (see Appendix G). Drilling records 
and samples from multiple monitoring wells and one abandoned domestic 
well drilled on John Wheeler’s property shows that a significant amount of 
silt and clay exists at depth. This silt/clay deposit appears to be as shallow 
as 6 - 7m below ground surface on Wheeler’s property and deeper than 23.5 
m in the Movie Road area. Well HA 02 was drilled to 23.5 m in the Movie 
Road area and never reached the silt/clay deposit.
It is assumed that the silt/clay deposit extends to basement due to the 
drill record of the abandoned domestic well on Wheeler’s property. The well 
log shows that gray silt and clay was hit at 6.1m (20 ft.) below ground 
surface. Sequences of silt and clay with interbedded deposits of sand and 
gravel persist down to the lower reaches of the drill record (343 ft. /105 m). 
The well was abandoned because the deeper deposits would not yield 
enough water to supply the household. Therefore, the lower small-scale 
sand and gravel deposits must be discontinuous and not connected to a 
significant source of recharge.
The fluvial aquifer overlies this extensive silt/clay deposit and consists 
of a complex fluvially derived latticework of gravel bed deposits, sand lenses
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and silt/clay over bank deposits. Hawkins et al. (2003) identified possible 
boulders at depths of 0 to 8+ m below ground surface using ground 
penetrating radar. Hawkins et al. (2003) and Poole et al. (1997) identified 
limited discontinuous paleochannel deposits within the shallow subsurface. 
Harrison (2004) identified a contact at 30 -  40 m below ground surface 
under the Dalimata pasture and a similar contact at around 10 m below 
Wheeler’s pasture using seismic refraction. This is likely the contact 
between the silt/clay deposit and the overlying coarse sand and gravel 
aquifer material.
The geometry of the sand and gravel aquifer is wedge-shaped with 
the thicker portion of the wedge being up-valley and the thinner portion being 
down-valley (see the three cross-sections in Appendix A for cross-sectional 
diagrams of the sand and gravel aquifer). As groundwater travels down- 
gradient, the aquifer becomes thinner, reducing the cross-sectional area of 
the aquifer. Based on Darcy’s Law (Q  = KIA), reducing the cross-sectional
area (A) can have several different outcomes: 1) discharge (Q ) can 
decrease, 2) discharge can remain the same (hydraulic conductivity (K ) 
increases), or 3) discharge can remain the same (gradient (i) increases). 
There is no evidence of the hydraulic conductivity or horizontal gradient 
increasing in the lower end of the floodplain. Therefore, the total flux 
through the aquifer must decrease, most likely resulting in discharge to the 
river and spring creeks within the floodplain.
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Regional Groundwater Flow
As the Middle Fork enters the Nyack floodplain, it is reported to be an 
influent river, losing 30% of its flow to the aquifer (Stanford et al., 1994). It 
remains influent, except for the Nyack Creek confluence, until it reaches the 
Crazy Beaver area where it becomes effluent. The synoptic stream 
discharge survey in August 2003 (M. Lorang, personal communication) and 
water table maps as part of this study support this overall model (Figure 9). 
Additional water table maps are included in Appendix H.
In general, there are two main recharge areas within the floodplain -  
(1) the upper river section from the beginning of the aquifer at the upper 
canyon to the confluence of Nyack Creek and (2) the Wally area (see Figure 
9). The Wally area appears to provide as much recharge to the floodplain 
aquifer as the upper river section. This is probably due to the additional flow 
from Nyack Creek which suddenly increases flow in the main channel by 
36% at its confluence. This additional flow appears to create disequilibrium 
within the channel causing the river to lose the flow to the aquifer.
The regional groundwater flow within the floodplain is controlled by 
the distribution of aquifer properties as well as the location of recharge and 
discharge areas. The average hydraulic conductivity of the coarse sand and 
gravel aquifer is at least 5 to 7 orders of magnitude higher than the 
underlying silt and clay unit and the bounding bedrock. Fetter (2001) sites 
hydraulic conductivity values of 10'  ̂to 10*̂  m/d for clays, 10"̂  to 10'  ̂for 
sandy silts and clayey sands and 10° to 10"̂  m/d for well sorted gravels.
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Figure 9. Water table map, Nyack floodplain, May 2003.
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Within the aquifer, groundwater flow is controlled by zones of high hydraulic 
conductivity (gravel, cobble and boulder channel deposits), zones of 
intermediate hydraulic conductivity (sandy gravel bar deposits) and zones of 
low hydraulic conductivity (sandy silt and clay over bank deposits). Gravel 
appears to dominate the aquifer geology with lenses of cobbles, boulders, 
sands, silts and clays. Hydraulic conductivity estimates are discussed later 
in this paper.
H & 0  Isotopes  -  External Source of Water to the Floodplain
Stable isotopes of oxygen and hydrogen were evaluated in samples 
of groundwater and surface water in an attempt to identify the sources of 
water found in the floodplain groundwater system. The results show that the 
water within the floodplain groundwater system is isotopically similar to that 
of the Middle Fork, Nyack Creek, Beaver Creek and Deerlick Creek during 
the two sampling periods (June and November 2003). The surface water 
from Great Bear Creek, within the Great Bear Wilderness drainage on the 
west side of the floodplain, is isotopically heavier than Middle Fork water. 
Due to analytical error, we could not distinguish any water samples collected 
within the floodplain that were dominated by recharge water from the Great 
Bear Wilderness. The Middle Fork appears to provide at least 95% of the 
water to the floodplain aquifer. The surrounding drainages (Nyack Creek 
and Great Bear Wilderness) provide less than 5% of the flow.
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Specific Conductance -  Aquifer Flow Dynamics
Through analysis of all the chemistry data, it was determined that 
specific conductance (SpC) was a useful chemical tracer. This is because 
the SpC levels were relatively high and they fluctuated by over 50% within 
the floodplain. The magnitude of SpC provided insight into the flow 
dynamics of the aquifer.
SpC composition of the water suggests that there are two main flow 
zones within the sand and gravel aquifer -  a shallow zone and a deep zone. 
The shallow zone is made up of the upper 3 to 5 meters of the saturated 
zone and the deep zone extends down to the bottom of the sand and gravel 
aquifer. The shallow zone has a very complex SpC distribution and appears 
to interact with the river and spring creeks throughout the floodplain. The 
deep zone has a predictable SpC distribution that increases from a river 
water concentration at the head of the floodplain in HA 02 to over 150% of 
tis concentration near the foot of the floodplain in HA 11 (Figure 10). This 
deep zone appears to consist of groundwater moving from the head of the 
floodplain to the downstream end and is less impacted by near water table 
processes. Stanford and Ward (1988) had a similar plot of SpC 
concentrations from the Kalispell Valley.
The shallow aquifer zone contains variations in SpC concentrations 
that do not exist in the deep aquifer zone. Three possible mechanisms may 
contribute to the observed variation. First, groundwater entering areas of 
low hydraulic conductivity in the near water table zone (clay/silt over bank
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Figure 10. Specific conductance (pS/cm) measured at the top and 
bottom of 7.63-cm diameter wells in August 2003.
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deposits that are interspersed throughout the aquifer) would extend 
residence times and in turn increase the concentration of dissolved minerals. 
Second, as water percolates through the soil zone, it dissolves minerals and 
organics and delivers them to the shallow aquifer. Since these SpC 
“hotspots” seem to exist when recharge through the soil zone is virtually 
absent, it is unclear if this process has a long term affect. A third 
explanation centers on the dynamic variations in the water table that occur 
annually. The wetting and drying process may be contributing to the 
temporal exchanges of constituents from and to the saturated zone.
Calcium Concentrations -  Flowpaths and Residence Time
The concentration of calcium in the floodplain groundwater is high 
relative to other ions and fluctuates by near 50% within the floodplain. 
Groundwater that is near the recharge areas is considered “immature” and 
has calcium concentrations that are similar to that of the river. Groundwater 
that is farther down flowpath is considered “mature” and has calcium 
concentrations near 50% higher than river concentrations. Calcium 
concentrations in wells are shown in Figure 11. These data are presented in 
the form of cross-sections. Section A shows that groundwater increases in 
calcium concentration from immature groundwater concentrations of around 
25 mg/l at the head of the floodplain to higher mature groundwater 
concentrations of 45 mg/l at the downstream end. Due to analytical error, a 
gradual increase in concentration cannot be seen, but the concentration of
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Figure 11a. Cross-sections of calcium concentration in groundwater, March 
2004. Sections A & 0 generally run parallel to groundwater flow and B, E 
and D run perpendicular. See Figure 11b for actual concentrations on the 
following two pages.
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HA 02 and HA 03 is less than that of HA 04, HA 08, HA 09 and HA 11. This 
supports the concept of long flowpaths existing down the center of the 
floodplain. Section B shows that Wally B and C contain immature 
groundwater while Wally D and G contain relatively mature groundwater. 
This indicates that the Middle Fork loses water to Wally B and C while Wally 
D and G are in relatively mature flowpaths originating farther up floodplain. 
Section C shows that HA 12 intercepts groundwater that is relatively mature 
with respect to the calcium concentration. This suggests groundwater does 
not originate from the river section that is immediately up gradient, but 
probably comes from farther upstream, closer to Cascadilla and flows under 
the Middle Fork to be intercepted by HA 12. HA 13 and 14 sample 
moderately immature groundwater. This water probably comes from the 
losing section of the Middle Fork just down stream of the Nyack Creek 
confluence, HA 18 contains groundwater with Ca concentrations that are 
similar to the river. This well is intercepting groundwater that is originating in 
the Wally area and turning and flowing down gradient. The other wells (HA 
17, 19 and 20) all contain relatively mature groundwater that is either flowing 
back to the river (HA 19 and 20) or flowing parallel to the river (HA 17). 
When section D and E are compared, you can see that the section from the 
upper floodplain (D) contains groundwater that is similar in Ca concentration 
to the river, except for HA 04. This well seems to be located on a flowpath 
that originates farther up gradient toward Cascadilla. The section from the 
lower floodplain (E) contains groundwater that is on average 40% higher in
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Ca concentration than Section D. This reinforces the conceptual model 
where groundwater flowpaths begin at the head of the floodplain and travel 
all the way to the downstream end.
The Ca data support the premise that groundwater flowpaths of many 
different lengths exist within the Nyack floodplain. The longest flows 
originate from up gradient just as the Middle Fork passes through the upper 
canyon. Other flowpaths originate along the Middle Fork between the upper 
canyon and the confluence of Nyack Creek. Flow then seems to parallel the 
river until you reach the Wally area at which point the river loses water to the 
aquifer. This flow quickly turns down gradient and the flow again parallels 
the river. As you get to the sergeant well area, flow begins to turn slightly 
toward the river and discharges to Beaver Creek and to the river.
Floodplain-Scafe Temp. Analysis  -  Flowpaths & Residence Times
A select number of wells were instrumented with temperature loggers 
for a full year (April 2003 to April 2004), Figure 12a, b and c show the 
results of the temperature collection in the upper, middle and lower 
floodplain, respectively. One aspect that differentiates some of the curves 
from others is the amount of temperature fluctuation within a one-year cycle. 
Wells that intercept water immediately after it leaves the river have 
temperature signatures that mimic the river which fluctuate 13-15° C 
throughout the year. Examples of wells with this type of temperature 
signature include Movie Road, Wally B and Control A and are wells that are
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Figure 12a. Floodplain scale temperature analysis. Upper 
floodplain including the Movie Road area and the Dalimata 
pasture.
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Figure 12b. Floodplain scale temperature analysis. Middle of the 
floodplain including the Wally area and the Mayfield.
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Figure 12c. Floodplain scale temperature analysis. Lower 
floodplain including the Mayfield, the Sergeant area and 
Wheeler’s.
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located in the major recharge areas. At the other end of the spectrum is 
groundwater that fluctuates as little as 3 - 7° C throughout the entire year, 
such as Nyack 12, Nyack 18, Control E, Tinhorn and Sergeant North. These 
wells are generally located at the farthest downstream end of the flowpaths. 
Intermediate temperature variations between 8 and 12° 0 occur in 
groundwater located in the central portion of the flow system such as 
Railroad, Dalimata Field, Wally G and Nyack 13.
Qualitative Temperature Analysis  -  River /  Aquifer Communication
Vertical temperature flux of groundwater was analyzed near the 
Middle Fork and Beaver Creek to determine the depth to which the surface 
water sources interact with the aquifer. Figure 13a shows graphs of Middle 
Fork temperature and depth discrete groundwater temperature for well HA 
02 in the Movie Road area and Wally B in the Wally area. The graphs show 
that the Middle Fork communicates to a depth of at least 8 m at Movie Road 
and at least 2 m at Wally. Well HA 02 shows the Middle Fork temperature 
signature all the way to the bottom of the well temperature profiler which is 8 
m below ground surface. This is the same well that was used for the vertical 
temperature flux modeling in the Vertical Hydraulic Conductivity of the River 
Bed section. In that section, it was determined that the infiltration velocity 
was between 5.7 and 18 m/d. Therefore, it would take river water 1.4 days 
to travel from the surface water source 8 m into the aquifer (to the bottom of 
HA 02) during low flow periods (September -  March) and 0.4 days during
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Figure 13a. Middle Fork temperature input to the aquifer. Well HA02 is 
located approximately 10m from the Middle Fork in the Movie Road 
recharge area. Well Wally B is located approximately 20m from the 
Middle Fork in the Wally recharge area.
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Figure 13b. Beaver Creek temperature input to the aquifer. The Sgt. 
Shallow subsurface well is located approximately 10m from Beaver 
Creek in the Sergeant area.
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high flow periods (April -  August). The Wally B temperature graph in Figure 
13b shows also shows the Middle Fork temperature signal all the way to the 
bottom of the temperature profiler, though it is a shallow profiler (2m).
Figure 13b shows graphs of Beaver Creek temperature and depth 
discrete groundwater temperature for the SS-Sergeant site in the Sergeant 
area. The top graph shows that Beaver Creek communicates with the very 
upper portion of the aquifer (0.3m) during late April / early May when river 
stage is high. The bottom graph shows that Beaver Creek does not seem to 
communicate with the aquifer during late January / early February when river 
stage is low. This well is the only one in which I recorded a temperature 
signature from Beaver Creek. All others near the creek do not pick up 
diurnal temperature fluctuations suggesting Beaver Creek is gaining water, 
not recharging.
The results of this analysis show that the Middle Fork communicates 
with the deep aquifer zone (at least 8 m deep) within the major recharge 
areas. The depth of communication is probably greater in the Movie Road 
area due to relatively strong downward gradients (-0.23 m/m to -0.46 m/m) in 
that area (Appendix I). Beaver Creek only communicates with the shallow 
groundwater flow portion of the aquifer (<0.5 m depth) throughout the 
floodplain.
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Vertical Hydraulic Conductivity of the River Bed
Middle Fork water and riverbed temperature were measured at 1 hour 
intervals using the methods described earlier. The river bed temperature was 
measured in a steel piezometer (Nyack 07) at 2,7 m below ground surface. The 
vertical head gradient was measured at Nyack 07 and was -.23 m/m on March 28, 
2004.
A 1-dimensional groundwater and heat flow model was run using VS2DH.
It was assumed that the vertical head gradient remained constant over those 
three days. See Figure 14 (bottom) for a diagram of the model domain.
Vertical hydraulic conductivity was back calculated using a curve matching 
technique. All of the thermal properties of the sediments and water were taken 
from published literature (Birch, 1942; Healy and Ronan, 1996; Constantz et al., 
2003). The time series water temperature entering the top of the model (river 
bed) was set to the true field measured temperature of the river. The vertical 
hydraulic conductivity was adjusted until the modeled temperature at the 
observation point closely matched the true temperature measured in the 
piezometer. See Figure 14 (top) for a graph of the field measured temperatures 
and the modeled temperature. Below are the properties that were set for the 
model once curve matching was accomplished:
Model Properties
Vertical Hydraulic Conductivity =10 m/d
Porosity = .20
Water retention parameter (alpha) = 1.5
Water retention parameter (beta) = 6.9
Heat capacity of dry sediments = 8.0 x 10  ̂J/(m^ °C)
Heat capacity of water = 4.18 x 10° J/(m C)
Thermal Conductivity = 3.0 W/(m °C)
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Modeled Heat Transport
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(constant head = river stage, 
variable temp = observed river 
temp)
Observation point (2.7 m below river bed)
Bottom boundary
(constant head = river stage - (i*L))
Figure 14. (Top) Modeled heat transport in the river bed. Blue is Middle Fork 
water temperature, yellow is groundwater temperature in the Nyack 07 well (3 
2.7 m depth and pink is the modeled groundwater temperature in the well. 
(Bottom) One-dimensional model domain.
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the  modeled infiltration rate was 2.3 m /̂m^d with a vertical groundwater flow 
velocity of 11.4 m/d in the model discussed above. Similar models were run for 
the same piezometer (Nyack 07) during a lower flow regime as well as a nearby 
well (HA 02). The thermal properties were set the same as those in the Model 
Properties table above. Below are the hydraulic conductivity and infiltration rate 
results from all of the model runs (porosity is assumed to be 0.2).
Site Date K (m/d) Infiltration Rate (m^/m^d)
Nyack 07 3/28-30/04 10 2.3
Nyack 07 11/20-22/03 9 1.1
HA 02 4/5-7/04 11 3.6
Hydraulic Conductivity from Flood Pulse Analysis
Flood pulse analysis was conducted in five wells around the floodplain -  
Wally E, Nyack 22, Charlie Brown, HA 10 and Sap III wells. The later two did not 
produce curves that were able to be analyzed because water levels in HA 10 and 
Sap III did not seem to be affected by small-scale fluctuations in river stage. 
Therefore, only the former three produced results. All were compared to water 
level fluctuations in the main channel of the Middle Fork. See Figure 15a for a 
range of hydraulic conductivities from Wally E, Nyack 22 and Charlie Brown and 
Figure 15b for site locations.
Hydraulic Conductivity Field Results
The vertical and horizontal distribution of hydraulic conductivity was 
estimated using several different techniques described earlier. The comparison 
well (HA 05) was used as a calibration well. Several different techniques (slug,
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Nyack 22 well flood pulse analysis
(K = m/d)
S = 0.15 0.2 0.25
b = 20 500 625 700
b = 30 350 400 450
b = 40 250 300 350
Wally E well flood pulse analysis
(K = m/d)
S = 0.15 0.2 0.25
b= 20 2400 2700 3000
b = 30 1400 1750 2200
b= 40 1000 1500 1750
Charlie Brown well flood pulse
analysis (K :: m/d)
S = 0.15 0.2 0.25
b= 20 2200 2500 2800
b= 30 1200 1550 2000
b= 40 800 1300 1550
Figure 15. Hydraulic 
conductivity estimates 
obtained using flood pulse 
analysis. Method from 
Finder et al (1969). The map 
below shows site locations. 
Note: Sap Flow 3 and HA 10 
data was uncorrelated.
f
2,000 
a Meters
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pumping/recovery and point dilution tests) were used and the results were 
compared. See Figure 16 for results of the comparison. Estimates made by 
Johnson et al. (2003) using slug test, flood pulse and radon sampling techniques 
are shown in Figure 17 for comparison. Results of our parker slug tests are 
shown in Appendix J.
The slug and pumping tests conducted within the well were in agreement 
with each other though the slug tests performed outside of the well with the 
GEOPROBE® direct push equipment were not. The pumping tests were 
analyzed using the Neuman (1974) solution. The average horizontal hydraulic 
conductivity from the pumping tests was 160 m/d and the Kz/Kh = .14. The 
average hydraulic conductivity from the packer slug tests was 199 m/d. The 
average hydraulic conductivity from the direct push slug tests was 85 m/d (53% 
of the pumping test estimate and 43% of the packer slug test estimate).
The borehole dilution results were on average 4.9 times higher than the 
packer slug tests, 6.1 times higher than the pumping test and 11.5 times higher 
than the GEOPROBE ® direct push method when a well-shape factor (a) of 2 is 
used. Several studies (Lamontagne et al., 2002; Hall, 1996) have proposed that 
a well-shape factor of 2 should be used for most undeveloped monitoring wells. 
Palmer (1993) provided a range of 2 -  10 for most monitoring wells. Several 
studies have found that borehole dilution can produce hydraulic conductivity 
values orders of magnitude higher than other techniques such as pumping tests 
and slug tests (Dexter et al., 1988; Palmer, 1993). The overestimation has been 
attributed to calibration error.
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HA 05 Comparison Well
K
Packer Depth (m below TOC) (m/d)
Slug 2.5 138
Results 3.5 288
4.5 240
5.5 246
6.5 84
Average 199
Pumping
Test Neuman Solution Ave. K
Results (1974) (m/d)
160
Direct K
Push Depth (m below TOC) (m/d)
Results 2.5 12.404
3.5 99.82
4.5 39.2
5.5 193.2
6.5 79.52
Average 85
Borehole K
Dilution Depth (m below TOC) (m/d)
Results 2.5 720
3.5 1680
alpha=2 4.5 1200
5.5 1200
6.5 96
Average 979.2
Borehole K
Dilution Depth (m below TOC) (m/d)
Results 2.5 144
3.5 336
alpha-10 4.5 240
5.5 240
6.5 19.2
Average 195.84
Figure 16. Hydraulic 
conductivity estimates 
obtained from the 
comparison well (HA 05). 
Methods include packer 
slug tests, a pumping test, 
direct push slug tests, and 
borehole dilution tests.
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Hydraulic conductivity values from Johnson et al (2003) 
(ali values in m/d)
Low
Method value
High
value Comments
Floodpulse 
Analysis 1400 2100 Middle Fork to Wally E cyclic flood pulse analysis
Whole well
slug tests 32 276 Wally and Control slug analysis
Radon
analysis 50 150
Radon data collected from Wally wells; high velocities 
found in well A, B, 0; low velocities found in wells D.E.F
Figure 17. Hydraulic conductivity estimates from Johnson (2003).
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Hydraulic Conductivity (m/d)
100 150 200 250
Depth Below 
Top of 
Casing (m)
■
7 4--
50403020100
GW Velocity 
from point 
dilution (m /d )
Hydraulic 
Conductivity 
from slug tests 
(m /d)
Groundwater Velocity (m/d)
Figure 18. Groundwater velocity estimates from point dilution analysis 
plotted with hydraulic conductivity estimates from packer slug tests from 
well HA 05. Hydraulic conductivity is plotted along the upper x-axis and 
groundwater velocity is plotted along the lower x-axis. The velocities used 
in this example were calculated with an alpha value of 2. An alpha value of 
10 would reduce the velocities by 5 times. Note that velocities are higher 
in high-K zones and lower in low-K zones.
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Since our borehole dilution results seemed to overestimate hydraulic 
conductivity compared to our pumping and slug test data and because the 
literature has discussed overestimation problems with the borehole dilution 
technique, the slug and pumping test data were used as calibration tools. The 
wells in this coarse grained floodplain system require a well-shape factor of 10 in 
order to produce similar results as the other methods.
The 7.6-cm diameter wells were installed by O’Keefe Drilling from Butte, 
Montana, using deep auger drilling. The diameter of the auger flight was 22.8- 
cm. Therefore, a 7.6-cm disturbed zone surrounded the well once the auger 
flight was removed. The wells were extensively developed immediately following 
installation using methods discussed in Driscoll (1986). Some were developed 
within 30 minutes of pumping and surging at 76 liters/minute and some were 
pumped and surged for 3 hours until they were developed. The wells continued 
to be developed when pumped as often as once a month during chemistry and 
meiofauna sampling events. During these sampling events, the wells were 
pumped for 10 to 30 minutes with a gas powered diaphragm pump at 10 to 20 
gpm. Sand/silt/clay was pumped out of the wells during these sampling events. 
The sand/silt/clay was removed from the disturbed zone around the well creating 
a zone similar to a gravel pack. This zone may have had several effects on the 
slug test estimates:
1. the overall hydraulic conductivity adjacent to the well increased due to 
removal of fine grained sediments;
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2. hydraulic conductivity was drastically overestimated in zones of silts and clays 
due to fracturing and mixing of coarser grained material; and
3. some of the natural vertical heterogeneity within the aquifer was destroyed 
due to disturbance caused by the augering process.
Point Dilution  -  Groundwater Velocity Distribution
The point dilution analysis coupled with the packer slug tests provided 
verification that the disturbed zone around the three inch wells did not 
significantly affect the vertical heterogeneity of the aquifer immediately 
around the wells. For the most part, high dilution rates (high groundwater 
velocity) were seen in areas where the packer slug tests identified high 
hydraulic conductivity and low dilution rates (low groundwater velocity) were 
seen in low hydraulic conductivity areas. See Figure 18 for a graphical 
example of the comparison.
The highest groundwater velocity found was 60 m/d (a = 10). This 
high flow zone was located between 6 and 9 m below the top of the casing 
of well HA 02. The lowest groundwater velocity found was .48 m/d. This low 
flow zone was located between 6 and 7 m below the top of the casing of well 
HA 05. See Figure 19 for a table of groundwater velocity estimates from 
wells HA 01, 02, 03, 05, 10, 11 and 18.
Like hydraulic conductivity, groundwater velocities are randomly 
distributed in the vertical direction. However, they are more predictable in 
the horizontal direction. The velocities are higher near the major recharge
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alpha = 10
Well HA 01 HA 02 HA 03 HA 05 HA 10 HA 11 HA 18
Depth (m)
2.5 1.2 48 8.04 3.6 0.18 10.8 3.6
3.5 3 28.8 2.4 8.4 0.96 12 12
4.5 3.24 25.2 48 6 1.32 14.4 7.2
5.5 9 36 24 6 2.4 14.4 7.2
6.5 9.6 60 24 0.48 2.4 8.4 13.2
7.5 6 60 16.8 6 8.4
8.5 5.04 60 13.2 3
9.5 14.4
10.5 26.4
11.5 12
12.5 4.2
Average: 5.30 45.43 17.59 4.90 1.45 11.00 7.80
Figure 19. Groundwater velocity estimates (m/d) from point dilution 
analysis. Depth is meters below top of casing. The well shape factor 
(alpha) was calibrated to a value of ten by comparison to the more 
conventional techniques (slug tests and pumping tests).
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zones (Movie Road and Wally areas) due to the presence of steeper 
horizontal and vertical groundwater flow gradients in these areas. This is 
explained by Darcy’ Law velocity equation V = (ki)/n. Where V =
groundwater velocity, k = hydraulic conductivity, I = gradient and n =
porosity. As you can see, groundwater velocity is directly related to gradient. 
Therefore, if the gradient increases, as it does near the recharge zones, the 
groundwater velocity will increase by the same proportion as long as all 
other variables remain constant.
Floodplain Water Balance
Water budgets are generally set up in the following way: groundwater 
in = groundwater out +/- change in storage. In the Nyack floodplain, the 
source of groundwater is the Middle Fork (MFjn). There is very little through
flow entering the floodplain underneath Nyack Creek and Harrison Creek 
due to very shallow bedrock where the creeks meet the river (Appendix G). 
Therefore, virtually all water that recharges the aquifer comes from the main 
channel of the Middle Fork. All groundwater leaves the floodplain through 
the Middle Fork ( M F o u t ) -  There are several springbrooks, but they all 
discharge back into the Middle Fork before they leave the floodplain. There 
is no change in storage. Therefore, the water balance is very simple and is 
as follows: MFjn = M F o u t -
Flux values from field measurements during August 2003 are below. 
Error is: 2 x standard deviation of multiple measurements (95% confidence).
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Water
Budget
Component
Value
(cms)
Error
(cms) Comments
MFi„ 9 to 11 .4 Range set by comparing 
August 2003 synoptic 
survey by Lorang and 
others to my Darcy’s Law 
estimates
MF out 8 to 9 .4 August 2003 synoptic 
survey by Lorang and 
others
Floodplain-Scale Numerical Groundwater Flow Model
A transient numerical model was developed for the Nyack floodplain 
and run for a full year (September 2003 to August 2004). The purpose of 
the model was to evaluate the hydrologie conceptual model of recharge and 
discharge relationships and to estimate average overall hydraulic 
conductivity of the floodplain material. With discrepancies between the point 
dilution and slug / pumping test results, the model provided another tool with 
which to set bounds for hydraulic conductivity estimates.
Sensitivity analyses can be useful in determining the uncertainty in 
estimated aquifer properties (Anderson and Woessner, 1992). I conducted a 
sensitivity analysis to determine the appropriate range average hydraulic 
conductivity within the coarse sand and gravel aquifer. Head and flux data 
were observed while hydraulic conductivity was varied within reasonable 
ranges. Hydraulic conductivity was set to 50 m/d, 400 m/d and 1000 m/d in 
three different model runs. Yearly error estimates for head and flux are 
shown below. See Appendix K for a full breakdown of error estimates.
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K = 50 m/d 400 m/d 1000 m/d
Head
Absolute Residual 
Mean Error
0.34 m 0.25 m 0.36 m
Flux from Middle 
Fork (August 2003)
% Discrepancy 
between measured 
and calculated
91% 7% 300%
Flux from Beaver 
Creek (July 2003)
% Discrepancy 
between measured 
and calculated
95% 25% 320%
As you can see from the error estimates, the model seems to be 
calibrated with an average hydraulic conductivity of around 400 m/d. For 
further verification, the parameter estimation package (WinPEST) was 
applied to estimate hydraulic conductivity based on the head and flux data 
mentioned above. Parameter estimation produced an average hydraulic 
conductivity estimate of 443 m/d.
In order to identify groundwater flowpaths, one hundred particles were 
inserted into the transient model at 4 locations: 1) the farthest upstream 
extent of the model, 2) at the end of Movie Road, 3) near HA 01 behind the 
Dalimata workshop, and 4) at the Wally area. Each set of particles traveled 
to different locations. See Figure 20 for an illustration of the particle paths.
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0 500 1,000 2,000 3,000 4,000 
Meter
Figure 20a. Particle tracking in MODFLOW. Red path begins at the 
farthest up-gradient end of the floodplain. Blue path begins at the end 
of Movie Road. Green path begins at the Dalimata workshop. Yellow 
path begins at the Middle Fork near Wally.
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Movie Road 
Recharge Area
Some Discharge 
to Middle Fork 
(upg radient)
Most Discharge 
to Middle Fork 
(downgradient)
Flowpaths reach bottom 
of sand and gravel aquifer
Red Flowpaths
Groundwater Flow Direction
Discharge to 
Middle Fork
Wally Recharge Area
Flowpaths do not reach bottom 
of sand and gravel aquifer
Yellow Flowpaths
Figure 20b. Particle tracking in MODFLOW. Vertical cross-section 
down the long axis of the floodplain. (Top) Particle paths from the 
Movie Road recharge area (red paths shown in Figure 20a). (Bottom) 
Particle paths from the Wally recharge area (yellow paths shown in 
Figure 20a). Note the difference between depths of circulation.
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Discussion
The results of this study are consistent with the hypothesis presented 
in the original National Science Foundation proposal. Therefore, this study 
reinforces and defines the conceptual model focusing on the transmission of 
water, heat, nutrients, biota and sediment through the aquifer system.
Follow up research should focus on preferential flow within the coarse sand 
and gravel aquifer at the centimeter scale.
Aquifer Transmission Properties
The bulk of groundwater flow takes place in the shallow portion (7 to 
40+m) of the coarse grained sediment fill within the floodplain. The main 
controlling factor on the depth of groundwater circulation is the stratigraphy 
and distribution of hydraulic conductivity. The extensive silt and clay deposit 
below the coarse sand and gravel aquifer prohibits deep circulation of 
groundwater.
The two main recharge zones are located in areas where 
groundwater and surface water head gradients suddenly come into 
disequilibrium: 1) when the Middle Fork enters the permeable floodplain after 
flowing through the upper canyon and 2) after the Nyack Creek confluence 
where the Middle Fork discharge increases by 15 to 20%.
Seasonal fluctuation of river stage controls the infiltration rate of 
recharge to the aquifer. As the river stage rises during spring snow melt, the 
gradient and groundwater velocity increases. It appears that this increase in
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groundwater velocity is localized to the upstream end of the floodplain near 
the recharge areas (from the Wally area up to the upper canyon), especially 
within 100m of the river.
Two flow zones exist within the coarse sand and gravel aquifer. The 
shallow flow zone consists of the upper 3 to 5 m of the saturated zone. The 
deep flow zone extends from the bottom of the upper zone to the base of the 
aquifer. The deep flow zone is less affected by the seasonal changes in 
river stage and appears to have groundwater flowpaths that extend from the 
head to the foot of the floodplain with very little deviation. Therefore, nutrient 
cycling within the deep flow zone is more predictable.
With this in mind, along with the pumping test data, slug test data, 
flood pulse analysis data and numerical model results, our suite of hydraulic 
conductivity data shows that aquifer values range from less than 1 m/d to 
greater than 1000 m/d. The average hydraulic conductivity of the aquifer is 
around 400 m/d according to the numerical model results. The slightly 
higher values from flood pulse analyses reflect higher hydraulic 
conductivity/groundwater velocity near the river, which is also reflected in the 
point dilution analyses.
With all of these data, we can finally make some estimates of 
groundwater residence times. Using the particle paths that were created by 
the floodplain scale numerical model, we can determine a range of 
residence times within the floodplain. The longest flowpath (from the most 
upstream end to the downstream end) is approximately 8-km long. With an
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average groundwater velocity of 13.4 m/d, the residence time is 1.5 years. 
The shortest flowpath originates in the Wally area and has a length of about 
2 km. The total residence time for that flowpath is around .4 years (4.8 
months). See Figure 21 for a map of the distribution of groundwater 
residence time in the Nyack floodplain.
Preferential Flow /  Future Research
Preferential flow within the coarse sand and gravel aquifer appears to 
be dominated by lenses of well sorted gravel/cobble deposits. Dye tracer 
tests conducted at the response comparison well (HA 05) show that the 
majority of groundwater flow takes place in centimeter scale pore spaces 
within these gravel / cobble deposits. It is unknown if the centimeter scale 
preferential flow zones are well connected vertically and laterally within the 
aquifer.
Past research has focused on shallow preferential flow zones on the 
scale of meters to kilometers. Future research should examine centimeter 
scale preferential flow zones at varying depths within the coarse sand and 
gravel aquifer. For example, I propose that as the length of screened 
interval is reduced during slug tests, the hydraulic conductivity estimates will 
increase. I used a screened interval of 1 .Om, but the preferential flow zones 
are at the scale of 1 to 10cm. Therefore, as the length of screened interval 
approaches the scale of preferential flow, the hydraulic conductivity 
estimates should maximize. Solute and dye tracers are also powerful tools
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Residence time 
0 to .3 year
Residence time 
.3 to .6 year
Residence time 
.6 to .9 year
Residence time 
.9 to 1.5 years
2.000 
Meters
Figure 21. Distribution of groundwater residence times in the Nyack 
floodplain, northwest Montana.
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to estimate groundwater velocity variations within the subsurface as well as 
determine the lateral and vertical connectivity of preferential flow zones.
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Appendix A -  Well logs, Interpretations and Cross-sections 
Wheeler’s Well Log
Montana Bureau of Mines and Geology 
Groundwater Infomiation Center Site Report 
Hoag Jack
rnlfie -
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id; 87654
Location (TRS): 31N 18W 01
County (MT): FLATHEAD
DNRC Water Right: Not Reported
PWS Id: Not Reported
Block: Not Reported
Lot; 3E
Certificate of Survey; Not Reported 
Well Construction and Performance Data
Source of Data; Not Reported 
Latitude (dd); 48.4748 
Longitude (dd); *113.8749 
Geomethod: TRS-TWN 
Datum; 1927 
Addition: HES 870 
Type of Site: WELL
(measurements are reported below land surface)
Total Depth (ft): 343 How Drilled. FORWARD ROTARY
Static Water Level (ft): 65 Driller's Name; BILLMAYER
Pumping Water Level (ft); 250 Driller License: WWC335
Yield (gpm); 36 Completion Date: 06-Aug-87
Test Type; AIR Special Conditions: Abandoned
Test Duration: 2 Is Well Flowing?: No
Drill Stem Setting (ft): Shut-In Pressure:
Recovery Water Level (ft): Geology/Aquifer: 400RVLL
Recovery Time (hrs): Well/Water Use: Not reported
Hole Diameter Information No hole diameter records were found
Annular Seal Information From 0 (ft) to 20 (ft) = bentonite
Casing Information From -2 (ft) to 311 (ft) Dia (in) 
— 0
Completion Information From 256.5 to 261.5 Dia (in) = 6 Slots = 1 X 3/16 (in)
From 307.0 to 310.0 Dia (in) =6 Slots = 6 X 1/4 (in)
LIthology Information
From (ft) to (ft) Description
Oto 12 SAND GRAVEL CLAY AND BOULDERS
12 to 20 SAND GRAVEL AND WATER
20 to 147 GRAY SILT AND CLAY
147 to 245 LAYERS OF GRAY CLAY AND SILT
245 to 251 STICKY BROWN CLAY
251 to 263 SMALL GRAVEL SAND AND WATER
263 to 270 BROWN CLAY AND GRAVEL
270 to 304 GRAY SILT WATER
304 to 332 BROWN CLAY AND GRAVEL
332 to 343 SAND SILT WATER
These data represent the contents of the GWIC databases at the Montana Bureau of Mines and Geology at the time and 
date of the retrieval. The information is considered unpublished and is subject to correction and review on a daily basis. 
The Bureau warrants the accurate transmission of the data to the original end user. Retransmission of the data 
to other users is discouraged and the Bureau claims no responsibility if the material is retransmitted.
Note: non-reported casing, completion, and lithologie records may exist in paper files at GWIC.
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HA Well Interpretations
Depth (m) Interpretation Depth (m) Interpretation
0.0 to 1.0 soil 0.0 to 1.8 cobble/gravel
1.0 to 6.0 gravel 1.8 to 2.4 sand
6.0 to 7.9 sand 2.4 to 3.7 gravel
7.9 to 10.0 gravel 3.7 to 4.6 sand
10.0 to 12.4 sand 4.6 to 6.0 gravel
6.0 to 7.3 cobble/gravel
7.3 to 8.2 gravel
8.2 to 9.5 sand
9.5 to 11.0 gravel
ll.O to  11.3 cobble/gravel
11.3 to 11.9 gravel
11.9 to 13.7 cobble/gravel
13.7 to 14.3 boulder
14.3 to 15.2 gravel
15.2 to 15.9 cobble/gravel
15.9 to 18.1 gravel
18.1 to 18.6 cobble/gravel
18.6 to 20.4 gravel
20.4 to 22.6 cobble/gravel
22.6 to 23.0 sand
23.0 to 23.5 gravel
Samplets): Sample(s):
10.0 to 12.4
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
22.6 to 23.0
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
23.0 to 23.5
pebble gravel; poorly sorted; poorly 
rounded; 25% coarse sand; 5% 
silt/clay
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Depth (m) Interpretation Depth (m) Interpretation
0.0 to 1.5 soil 0.0 to 0.2 soil
1.5 to 2.4 gravel 0.2 to 6.1 gravel
2.4 to 2.7 sand/gravel 6.1 to 13.4 sand
2.7 to 5.5 gravel 13.4 to 13.7 gravel
5.5 to 6.1 sand
6.1 to 7.0 sand/gravel
7.0 to 7.6 sand
7.6 to 8.5 sand/gravel
8.5 to 9.9 cobble
9.9 to 10.2 sand/gravel
10.2 to 10.7 sand
10.7 to 11.0 sand/gravel
ll.O to  12.2 sand
12.2 to 12.8 sand/gravel
12.8 to 13.3 gravel
13.3 to 13.4 sand/gravel
13.4 to 14.2 sand
14.2 to 14.5 sand/gravel
14.5 to 17.4 sand
1
Sample(s): Sample(s):
16.8 to 17.1
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay 13.1 to 13.4
coarse brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
17.1 to 17.2
coarse brown sand; poorly sorted; 
poorly rounded; 5% silt/clay 13.4 to 13.7
pebble gravel; poorly sorted; poorly 
rounded; 15% coarse sand; 5% 
silt/clay
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Depth (m) Interpretation Depth (m) Interpretation
0.0 to 0.9 soit 0.0 to 2.1 soil
0.9 to 4.6 gravel 2.1 to 4.3 gravel
4.6 to 9.0 sand 4.3 to 4.6 sand
4.6 to 7.0 gravel
7.0 to 7.3 sand
7.3 to 8.8 gravel
8.8 to 14.0 sand
Sample(s): Sample(s):
8.5 to 9.0
pebble gravel; poorly sorted; poorly 
rounded; 15% coarse sand; 5% 
silt/clay 13.4 to 14.0
coarse brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
Depth (m) Interpretation Depth (m) Interpretation
0.0 to 2.1 soil 0.0 to 1.8 soil
2.1 to 6.7 gravel 1.8 to 3.0 gravel
6.7 to 9.9 sand 3.0 to 3.4 cobble
9.9 to 11.0 silt 3.4 to 4.6 gravel/cobble
4.6 to 4.9 gravel
4.9 to 5.2 cobble
5.2 to 6.7 gravel
6.7 to 7.6 sand
7.6 to 8.2 sand/gravel
Sample(s): Sample(s):
8.8 to 9.5
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay 2.4 to 2.7
brown silty clay; contains organic soil 
material
10.4 to 11.0
brown sandy silt; poorly sorted; sand 
poorly rounded; 25% fine sand 8.8 to 9.3
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
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Depth (m) Interpretation Depth (m) Interpretation
0.0 to 2.7 soil 0.0 to 2.4 soil
2.7 to 6.4 gravel 2.4 to 6.4 gravel
6.4 to 9.3 sand 6.4 to 9.1 silt/clay
9.1 to 9.3 gravel
9.3 to 12.2 silt/clay
1
Sample(s): Sample(s):
2.4 to 2.7
brown silty clay; contains organic soil 
material 1 2.1 to 2.4
brown silty clay; contains organic soil 
material
8.8 to 9.3
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay 11.6 to 12.2
brown silty clay; no soil material; 
silt/clay layers (possible varves)
Depth (m) Interpretation Depth (m) Interpretation
0.0 to 1.2 soil 0.0 to 1.2 soil
1.2 to 2 .0 gravel 1.2 to 3.5 sand
2.0 to 2.4 sand 3.5 to 9.1 gravel
2.4 to 5.5 gravel 9.1 to 9.8 sand
5.5 to 6.1 sand/gravel 9.8 to 10.2 gravel
6.1 to 9.5 silt/clay 10.2 to 14.0 sand
Sample(s): Sample(s):
8.8 to 9.5
brown silty clay; no soil material; 
silt/clay layers (possible varves) 13.4 to 14.0
coarse brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
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Depth (m) Interpretation Depth <m) interpretation
0.0 to 0.2 soil 0.0 to 0.6 soil
0.2 to 4.9 cobble/gravel 0.6 to 1.8 gravel
4.9 to 7.0 sand 1.8 to 2.4 sand
7.0 to 10.7 gravel 2.4 to 7.3 gravel
10.7 to 14.6 sand 7.3 to 10.8 sand
Sample(s): Sample(s):
14.2 to 14.6
brown coarse sand with gravel; poorly 
sorted; poorly rounded; 15% gravel 10.1 to 10.8
coarse brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
Depth (m) Interpretation Depth (m) Interpretation
0.0 to 0.3 soil 0.0 to 1.8 soil
0.3 to 2.4 gravel 1.8 to 7.0 gravel
2.4 to 3.7 boulder 7.0 to 10.5 sand
3.7 to 6.4 gravel
6.4 to 9.3 silt/clay
Sample(s); Sample(s):
8.8 to 9.3
brown silty clay; no soil material; 25% 
silt 10.1 to 10.5
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay
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Depth (m) interpretation Depth (m) interpretation
0.0 to 0.2 soil 0.0 to 0.2 soil
0.2 to 9.1 gravel 0.2 to 3.0 gravel
9.1 to 12.3 sand 3.0 to 5.2 cobble/gravel
5.2 to 6.4 gravel
6.4 to 8.5 sand
8.5 to 10.8 silt/clay
Sample(s): Sample(s):
11.9 to 12.3
medium brown sand; poorly sorted; 
poorly rounded; 5% silt/clay 10.4 to 10.8
brown silty clay with fine sand; no soil 
material; 25% silt; 10% sand
Depth (m) interpretation Depth (m) interpretation
0.0 to 1.2 cobble/gravel 0.0 to 0.2 soil
1.2 to 1.8 gravel 0.2 to 3.4 gravel
1.8 to 3.0 cobble/gravel 3.4 to 4.6 cobble/gravel
3.0 to 5.2 gravel 4.6 to 5.0 boulder
5.2 to 7.3 silt/clay 5 .0 to 5 .5 cobble/gravel
5.5 to 6.6 silt/clay
6.6 to 7.3 gravel
7.3 to 13.6 silt/clay
1 Samples(s): I Sampie(s): |
7 ..0 to 7 .5
brown silty clay; no soil material; 
silt/clay layers (possible varves)
5.5 to 6.4
brown silty clay; no soil material; 
silt/clay layers (possible varves)
9.1 to 10.7
brown silty clay; no soil material; no 
layering
11.9 to 12.3 brown silty clay; silt/clay layers
13.1 to 13.6 brown silty clay; silt/clay layers
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Cross-section 1
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Appendix B -  H and O Isotope Theory I Results
The isotopic composition of precipitation varies with distance from the 
source of water. In the case of northwestern Montana, the source of precipitation 
is the Pacific Ocean. As prevailing winds carry water vapor from the Pacific 
across the U.S. and Canada, the vapor becomes isotopically lighter due to 
fractionation. In general, a higher percentage of heavy isotopes (^H & 
condense into precipitation while a higher percentage of light isotopes (^H & 
remain in the vapor. Therefore, rainout evolves towards isotopically depleted 
precipitation as It progresses toward the center of the continent (Clark & Fritz, 
1997).
Fractionation is also controlled by temperature -  in general, the lower the 
temperature the more fractionation takes place. Therefore, northwest Montana 
precipitation will have a specific range of isotopic composition due to its 
geographic location and average annual temperature which will fluctuate in an 
annual cycle. This annual fluctuation has been shown to fluctuate within a 10%o 
range for (Clark & Fritz, 1997).
A plot of global precipitation (5 vs. 5 ^H) that has not been altered by 
evaporation or sublimation falls on the Global Meteoric Water Line (5^H = 8.135 
+ 10.8%o) (Craig, 1961). If evaporation or sublimation occurs, isotopic 5- 
values will plot below the GMWL with a slope less than 8.13. Therefore, snow 
melt water will normally plot below normal summer and fall rainwater with a slope 
less than 8.13 due to sublimation and increased evaporation.
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I hypothesized that during the month of June, snow melt would dominate the 
water budget in the Nyack floodplain. High elevation snow accumulation within 
the watershed melted during May and June and contributed high amounts of 
water to the aquifer. As “new” precipitation fell on the watershed in the fall, it 
forced the “old” melt water out of storage and into the river network. Due to 
sublimation, the summer melt water should be enriched while the fall rain water 
should be depleted in heavy isotopes. I postulated that the signatures of old and 
new water would allow for identification of the timing of surface water and 
groundwater exchange and the presence of a record of transport through the 
floodplain. Results of the analysis are shown below.
”o Ô^H Site Name
Oll«
Type Date Comments
-18.3 -132.0 Movie Rd. Well 6/11/2003
-16.9 -128.5 Movie Rd. (dup.) Well 6/11/2003
-17.5 -127.9 Railroad Well 6/11/2003
-17.7 -129.6 Nyack 12 Well 6/11/2003
-17.3 -128.5 Sgt. South Well 6/11/2003
-17.4 -128.6 Tinhorn Well 6/11/2003
-17.4 -126.5 Great Bear Well 6/11/2003
-17.9 -130.1 Cascadilla Surface 6/11/2003 at SG @ Cascadilla
-17.8 -130.7 Cascadilla (dup.) Surface 6/11/2003 at SG @ Cascadilla
-17.5 -130.4 GWR Well 6/11/2003
-16.3 -123.7 Great Bear Creek Surface 6/11/2003 near Great Bear well
-17.3 -125.4 Wheeler Well 6/11/2003
-17.9 -128.2 Nyack 11 Well 6/11/2003
-18.0 -129.2 Nyack 5 Well 6/11/2003
-18.1 -131.7 Nyack 25 Well 6/11/2003
-18.2 -129.7 Wally B Well 6/11/2003
-17.9 -129.0 Wally G Well 6/11/2003
-18.2 -129.9 Control A Well 6/11/2003
-17.9 -131.7 Control D Well 6/11/2003
-17.7 -129.0 Ouzel Surface 6/11/2003 at SG @ Ouzel
-18.5 -129.7 Beaver Creek Surface 10/16/2003 near SG @ 3,4,5
-18.0 -128.4 Cascadilla Surface 10/16/2003 at SG @ Cascadilla
-17.3 -130.1 Cascadilla (dup) Surface 10/16/2003 at SG @ Cascadilla
-17.6 -126.6 Control A Well 10/16/2003
-18.1 -128.6 Control D Well 10/16/2003
-17.8 -127.9 Crazy Beaver shallow Piezometer 10/16/2003
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"o 5"H Site Name Type Date
-17.4 -127.1 Crazy Beaver shallow(dup) Piezometer 10/16/2003
-18.4 -128.7 Deer Lick Creek Surface 10/16/2003
-17.6 -127.0 Great Bear well Well 10/16/2003
-17.3 -127.7 GWR well Well 10/16/2003
-17.9 -127.8 HA 01 lower Well 10/16/2003
-18.0 -128.8 HA 01 upper Well 10/16/2003
-17.9 -128.3 HA 11 lower Well 10/16/2003
-17.8 -128.5 HA 11 upper Well 10/16/2003
-17.8 -126.6 HA 13 lower Well 10/16/2003
-17.9 -127.5 HA 13 middle Well 10/16/2003
-17.7 -128.1 HA 13 upper Well 10/16/2003
-18.1 -130.2 Movie Rd. Well 10/16/2003
-17.9 -130.5 Nyack 03 Well 10/16/2003
-17.7 -126.6 Nyack 04 Well 10/16/2003
-18.0 -128.7 Nyack 05 Well 10/16/2003
-17.7 -129.7 Nyack 11 Well 10/16/2003
-17.9 -129.3 Nyack 12 Well 10/16/2003
-17.7 -127.8 Nyack 14 Well 10/16/2003
-17.4 -125.8 Nyack 18 Well 10/16/2003
-17.7 -126.7 Nyack 18 piezo Piezometer 10/16/2003
-18.0 -129.2 Nyack 23 Well 10/16/2003
-17.3 -127.0 Nyack 24 Well 10/16/2003
-17.8 -128.6 Nyack 25 Well 10/16/2003
-17.7 -125.6 Nyack Creek Surface 10/16/2003
-17.2 -126.6 Ouzel Surface 10/16/2003
-14.3 -94.8 Precipitation Precipitation 10/16/2003
-18.0 -129.5 Railroad Well 10/16/2003
-18.1 -129.7 RFCS Deep Piezometer 10/16/2003
-18.0 -129.7 RFFN Deep Piezometer 10/16/2003
-18.2 -135.2 Sgt. Deep Piezometer 10/16/2003
-17.6 -129.2 Sgt. Short Piezometer 10/16/2003
-17.4 -129.0 Sgt. South Well 10/16/2003
-18.0 -126.0 Tinhorn Well 10/16/2003
-17.7 -127.9 Tom's Creek Surface 10/16/2003
-17.7 -128.7 Trey Medium Piezometer 10/16/2003
-17.6 -129.2 Trey Short Piezometer 10/16/2003
-18.0 -127.7 Wally B Well 10/16/2003
-17.8 -127.8 Wally G Well 10/16/2003
-18.0 -128.1 Wally Spring Surface 10/16/2003
-17.8 -125.8 Wheeler Well 10/16/2003
Comments
at entrance to Dalimata 
workshop
at staff gage 
at SG @ Ouzel 
near cabin
near Nyack 23 well
at SG @ Wally Spring
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Appendix C -  Site Descriptions
Depth in meters
Site Name Depth Casing Description Open Area Description
Bedrock A well 2.60 5.08cm diameter schedule 40 PVC 1.98m slot #100
Bedrock B well 3.05 5.08cm diameter schedule 40 PVC 9ft slot #100
Bedrock C well 4.40 5.08cm diameter schedule 40 PVC 14 ft slot #100
Cabin well 3.44 5.08cm diameter schedule 40 PVC 338-250cm (70 0.5" holes): 216-138cm (100 0.5" holes);
Charlie Brown well 3.98 5.08cm diameter schedule 40 PVC 10' slot #20
Chris A well 1.76 5.08cm diameter schedule 40 PVC 5' casing 100 slot; 24 cm riser
Chris B well 5.15 5.08cm diameter schedule 40 PVC 15' 100 slot; 3' riser
Control A well 3.03 5.08cm diameter schedule 40 PVC 1 52m of slot #100 at bottom, blank 5.08cm PVC at top; cap on bottom with 4 x 0.64cm holes
Control B well 3.03 5.08cm diameter schedule 40 PVC 1 52m of slot #100 at bottom, blank 5.08cm PVC at top; cap on bottom with 4 x 0.64cm holes
Control C well 3.88 5.08cm diameter schedule 40 PVC 3.05m of slot #100 at bottom, blank 5.08cm PVC at top; cap on bottom with 4 x 0.64cm holes
Control D well 3.74 5.08cm diameter schedule 40 PVC 3.05m of slot #100 at bottom, blank 5.08cm PVC at top; cap on bottom with 4 x 0.64cm holes
Control E well 2.51 5.08cm diameter schedule 40 PVC 1 52m of slot #100 at bottom, blank 5.08cm PVC at top; cap on bottom with 4 x 0.64cm holes
Crazy Beaver A well 3.50 5.08cm diameter schedule 40 PVC slot #100
Crazy Beaver B well 2.40 5.08cm diameter schedule 40 PVC slot #100
Crazy Beaver C well 3.40 5.08cm diameter schedule 40 PVC slot #100
Crazy Beaver D well 5.98 5.08cm diameter schedule 40 PVC slot #100
Crazy Beaver Deep 6.40 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Crazy Beaver Shallow 335 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Dalimata field well 4.40 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 0.50m from top of casing
Dry Creek A well 2.17 5.08cm diameter schedule 40 PVC 5’ slot #20; 2nd segment with 0.5mm hacksaw cuts, 2" apart, from 4-15"
Dry Creek B well 4.12 5.08cm diameter schedule 40 PVC 10' slot #20
Dry Creek C well 4.32 5.08cm diameter schedule 40 PVC 10ft slot #100
Dry River Medium 6,40 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Dry River Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
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Glass well @ HA 5 9.06
5.08cm diameter schedule 40 clear 
PVC none
Great Bear well 4.30 5.08cm diameter schedule 40 PVC 10' slot #20
GWR LG well 49.00 178mm (7 inch) steel casing open bottom
HA 01 well 10.58 7.62cm diameter schedule 40 PVC 9.12m slot #80
HA 02 well 9.10 7.62cm diameter schedule 40 PVC 6.61m slot #80
HA 03 well 15.81 7.62cm diameter schedule 40 PVC 13.68m slot #80
HA 04 well 13.62 7.62cm diameter schedule 40 PVC 12.16m slot #80
HA 05 well 9.06 7.62cm diameter schedule 40 PVC 7.60m slot #80
HA 06 well 10,57 7.62cm diameter schedule 40 PVC 7.60m slot #80
HA 07 well 9.07 7.62cm diameter schedule 40 PVC 6.08m slot #80
HA 08 well 8.44 7.62cm diameter schedule 40 PVC 6,08m slot #80
HA 09 well 11.02 7.62cm diameter schedule 40 PVC 9.12m slot #80
HA 10 well 12.16 7.62cm diameter schedule 40 PVC 10.64m slot #80
HA 11 well 7.52 7.62cm diameter schedule 40 PVC 6.08m slot #80
HA 12 well 13.58 7.62cm diameter schedule 40 PVC 12.16m slot #80
HA 13 well 15.14 7.62cm diameter schedule 40 PVC 13.68m slot #80
HA 14 well 10.13 7.62cm diameter schedule 40 PVC 9.12m slot #80
HA 15 well 9.35 7.62cm diameter schedule 40 PVC 7.60m slot #80
HA 16 well 12.10 7.62cm diameter schedule 40 PVC 10.64m slot #80
HA 17 well 10.03 7.62cm diameter schedule 40 PVC 7.60m slot #80
HA 18 well 9.06 7.62cm diameter schedule 40 PVC 7.60m slot #80
HA 19 well 7.59 7.62cm diameter schedule 40 PVC 6.07m slot #80
HA 20 well 7,97 7.62cm diameter schedule 40 PVC 7.60m slot #80
Hidden Cow well 4.00 5.08cm diameter schedule 40 PVC 10' slot #20
Movie Rd, well 7.53 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 1 40m from top of casing
New #1 well 7.93 2.54cm diameter 200 class PVC 6.5m of perforations (.16cm)
New #2 well 7.93 2.54cm diameter 200 class PVC 6.5m of perforations (,16cm)
New #3 well 7.93 2.54cm diameter 200 class PVC 6.5m of perforations (,16cm)
New #4 well 7.93 2.54cm diameter 200 class PVC 6.5m of perforations (.16cm)
Nyack 01 well 8.36 2.54cm diameter 200 class PVC approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint
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screen
Nyack 03 well 6.09 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Nyack 04 well 2.83 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Nyack 05 well 4.59 5.08cm diameter schedule 40 PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Nyack 06 well 3.54 3.5cm nominal diameter steel 68 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 07 well 3.06 3.5cm nominal diameter steel 68 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 09 well 2.80 3.5cm nominal diameter steel 68 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 10 well 4.36 3.5cm nominal diameter steel 68 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 11 well 5.87 5.08cm diameter schedule 40 PVC size 30 slots with larger slots cut; bottom cap has 8 x 6.35mm holes and 4 ximm x 2cm slots
Nyack 12 well 3.61 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 13 well 3.58 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 14 well 3.24 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 16 well 3.24 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 17 well 3.33 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 18 well 3.55 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 18 piezometer 10.67 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Nyack 19 well 3.60 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 20 well 3.11 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 21 well 3.40 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 22 well 2.95 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 23 well 3.27 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 24 well 3.07 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 25 well 5.18 5.08cm diameter schedule 40 PVC size 30 slots with larger slots cut; bottom cap has 8 x 6.35mm holes and 4 ximm x 2cm slots
Nyack 26 well 3.52 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 27 well 3.40 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Nyack 28 well 3.05 3.5cm nominal diameter steel 62 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Obs 1 well @ HA 05 9.06 2.54cm diameter 200 class PVC 8m of perforations (16cm)
Obs 2 well @ HA 05 9.06 2.54cm diameter 200 class PVC 8m of perforations (16cm)
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Obvious Cow well 4.70 5.08cm diameter schedule 40 PVC 15’ 100 slot; 4' riser
Picture well 4.40 5.08cm diameter schedule 40 PVC 11 ft 100 slot; no end cap
Railroad well 7.42 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 1 58m from top of casing
RFCN Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFCN Medium 6.40 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFCN Deep 9.45 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFCS Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFCS Medium 6.40 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFCS Deep 9.45 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFFN Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFFN Deep 9.45 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFFS Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
RFFS Deep 9.75 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Sap Flow 3 well 5.30 2.54cm diameter 200 class PVC 3.51m of perforations (16cm)
SG @ 3,4,5 NA staff plate NA
SG @ Beaver Creek-Dry 
Crk NA staff plate NA
SG @ Beaver Creek- 
Wally NA staff plate NA
SG @ Crazy Beaver NA staff plate NA
SG @ Deerlick-Wheelers NA rebar hammered into stream bed NA
SG @ DOT NA rebar hammered into stream bed NA
SG #  GWR NA rebar hammered into stream bed NA
SG @ Harrison NA staff plate NA
SG @ MF-Wally NA staff plate NA
SG @ Moccassin Creek NA staff plate NA
SG @ Movie Road NA iButtons NA
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SG @ Nyack Creek NA staff plate NA
S G @ R F NA staff plate NA
SG @ Sgt SSA NA iButtons NA
SG @ Twin Spring NA staff plate NA
SG @ Wallv D NA iButtons NA
SG @ Wally Spring NA staff plate NA
SG @ Cascadilla NA staff plate NA
SG @ Gage J NA rebar hammered into streambed NA
SG @ Old Camp NA staff plate NA
SG @ Ouzel NA staff plate NA
Sgt. Deep 9.75 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Sgt. East well 3,89 5.08cm diameter schedule 40 PVC 8,5' 100 slot; 5' riser
Sgt. Medium 6.40 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Sgt. North well 7.17 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 1.35m from top of casing
Sgt, Shallow 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Sgt. South well 2.99 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 1 07m from top of casing
Spruce Swale well 4.98 5.08cm diameter schedule 40 PVC 10' slot #20
SS Sgt. 1.00 2.54cm diameter steel pipe 10 perforations (16cm diameter) at 30cm intervals; 3 intervals
Stump well 5.87 5.08cm diameter schedule 40 PVC 10' slot #20
Tadpole A well 3.37 5.08cm diameter schedule 40 PVC 6.25ft slot #100
Tadpole B well 4.65 5.08cm diameter schedule 40 PVC 13.75ft slot #100
Tinhorn well 5.67 5.08cm diameter schedule 40 PVC slotted with circular saw from bottom to 0.50m from top of casing
Trey Long 9.45 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Trey Medium 6.10 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Trey Short 3.35 2.54cm diameter 200 class PVC
approximately 25 (0.16cm x 0.95cm) perforations on lower 13cm of well; surrounded by paint 
screen
Trey Spring well 5.40 5.08cm diameter schedule 40 PVC slot #100
Twin Crossing well 5.66 5.08cm diameter schedule 40 PVC 14' 100 slot (Three 5 foot sections, with top 12in. blocked with duct tape); 6' riser
Twin well 5.83 5.08cm diameter schedule 40 PVC 15' 100 slot; 5' riser
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Wally A2 well 7.36 1 9cm nominal CPVC 20 X 0.3175cm holes on the bottom 7.6cm of well
Wally 6 well 2.64 5.08cm diameter schedule 40 PVC 0.5 cm drill holes 0.17-2.07m from bottom: 20 slot (42mm long) to 1m below surface
Wally C well 2.61 5.08cm diameter schedule 40 PVC 0.5 cm drill holes 0.17-2.17m from bottom; 20 slot to 1m below surface
Wally C2 well 5.97 1.9cm nominal CPVC 20 X 0.3175cm holes on the bottom 7.6cm of well
Wally D well 3.83 5.08cm diameter schedule 40 PVC 0.5 cm drill holes 0.17-2.1cm from bottom; 20 slot (42mm long) to 1m below surface
Wally E replacement well 3.80 5.08cm diameter schedule 40 PVC 8ft slot #100; no end cap
Wally F replacement well 7.93 2.54cm diameter 200 class PVC 6.5m of perforations (16cm)
Wally G 2.32 5.08cm diameter schedule 40 PVC 0.5 cm drill holes 0.05-1.70m from bottom; 20 slot (42mm long) to 1m below surface
Wally 02 5.40 3.5cm nominal diameter steel 61 cm of 60 gauze (0.25mm) stainless steel screen at bottom of well
Wheeler 12.20 127mm (5 inch) steel casing 0.61 m of 0.64 cm X 15 cm slots
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Appendix D -  Site Locations 
Projection: UTM Nad 83, Zone 12 
Units: meters
BCR Number: Biocomplexity project site identification number 
Type: mw = monitoring well; p = piezometer; sg = staff gage; 
sw = surface water samping site; stg = crest stage gage 
Device: Location device; TS = Leica Total Station Model 307; 
HH = Garmin etrex Venture handheld GPS
BOP
Number Site Name Northing Easting Elevation Type Device
BCP00355 Bedrock A well 5370430.612 292648.817 1016.110 mw TS
BCP00356 Bedrock B well 5370628.930 292670.196 1015.563 mw TS
BCP00357 Bedrock C well 5370697.954 292649.529 1015.210 mw TS
BCP00244 Cabin well 5372610.012 290572.253 1009.173 mw TS
BCP00102 Charlie Brown well 5369999.125 291999.864 1017.957 mw TS
BCP00096 Chris A well 5371992.124 291492.925 1011.075 mw TS
BCP00246 Chris B well 5371989.083 291498.551 1011.263 mw TS
BCP00074 Control A 5371812.311 291828.771 1012.945 mw TS
BCP00075 Control B 5371817.875 291803.128 1013.107 mw TS
BCP00076 Control C 5371785.930 291749.971 1013.361 mw TS
BCP00077 Control D 5371736.061 291648.005 1012.850 mw TS
BCP00078 Control E 5371718.696 291604.028 1013.097 mw TS
BCP00352
Crazy Beaver A 
well 5372251.895 291921.074 1011.099 mw TS
BCP00353
Crazy Beaver B 
well 5372356.238 291833.737 1010.690 mw TS
BCP00354
Crazy Beaver C 
well 5372407.469 291703.994 1009.965 mw TS
BCP00250
Crazy Beaver D 
well 5372545.573 291386.939 1009.715 mw TS
BCP00040 Dali Field well 5370529.866 292037.779 1015.991 mw TS
BCP00097 Dry Creek A well 5373786.065 289927.819 1004.446 mw TS
BCP00098 Dry Creek B well 5373904.904 290076.713 1005.451 mw TS
BCP00502 Dry Creek C well 5374133.886 290037.437 1005.233 mw TS
none Glass well @ HA 5 5371542.556 291077.255 1012.442 mw TS
BCP00266 HA 01 well 5370428.457 291110.577 1016.664 mw TS
BCP00267 HA 02 well 5369924.145 292244.499 1018.902 mw TS
BCP00269 HA 03 well 5370348.303 292204.439 1017.390 mw TS
BCP00252 HA 04 well 5370827.945 291795.827 1014.616 mw TS
BCP00253 HA 05 well 5371543.605 291077.347 1012.358 mw TS
BCP00254 HA 06 well 5371934.353 290973 117 1012.087 mw TS
BCP00255 HA 07 well 5372409.466 290482.567 1010.144 mw TS
BCP00270 HA 08 well 5372600.084 290562.821 1010.104 mw TS
BCP00256 HA 09 well 5373134.856 290380.485 1007.940 mw TS
BCP00251 HA 10 well 5373213.370 290593.199 1008.229 mw TS
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BCP00268 HA 11 well 5373739.118 290250.650 1006.521 mw TS
BCP00257 HA 12 well 5370517.075 292500.989 1017.205 mw TS
BCP00258 HA 13 well 5371065.022 292500.304 1016.142 mw TS
BCP00259 HA 14 well 5371161.673 292138.734 1014.296 mw TS
BCP00261 HA 15 well 5371562.879 291582.873 1011.833 mw TS
BCP00260 HA 16 well 5371459.950 291775.643 1013.753 mw TS
BCP00262 HA 17 well 5371535.241 291849.607 1014.006 mw TS
BCP00263 HA 18 well 5372029.942 291631.383 1011.524 mw TS
BCP00264 HA 19 well 5373332.497 290988.642 1008.196 mw TS
BCP00265 HA 20 well 5373361.701 290874.772 1007.641 mw TS
BCP00100 Hidden Cow well 5372530.995 290806.653 1009.293 mw TS
BCP00045 Movie Rd. well 5369919.764 292211.190 1019.257 mw TS
none New#1 5371486.260 291925.503 1013.090 mw TS
none New #2 5371691.488 291748.809 1013.438 mw TS
none New #3 5371645.709 291652.855 1013.878 mw TS
none New #4 5371678.566 291474.207 1013.194 mw TS
BCP00014 Nyack 01 well 5369919.842 292214.247 1019.361 mw TS
BCP00019 Nyack 06 well 5370009.285 292270.696 1018.284 mw TS
BCP00020 Nyack 07 well 5369899.021 292265.006 1018.608 mw TS
BCP00022 Nyack 09 well 5369813.206 292287.453 1019.789 mw TS
BCP00023 Nyack 10 well 5369972.696 292244.238 1018.454 mw TS
BCP00024 Nyack 11 well 5371636.035 291185.871 1011.944 mw TS
BCP00025 Nyack 12 well 5373708.617 290015.246 1006.448 mw TS
BCP00026 Nyack 13 well 5373771.369 290304.375 1006.307 mw TS
BCP00027 Nyack 14 well 5372802.903 290253.123 1009.068 mw TS
BCP00029 Nyack 16 well 5371757.851 291708.217 1013.405 mw TS
BCP00030 Nyack 17 well 5372211.246 291595.065 1011.924 mw TS
BCP00031 Nyack 18 well 5371770.705 290834.032 1011.620 mw TS
BCP00032 Nyack 19 well 5372445.583 290952.456 1011.031 mw TS
BCP00033 Nyack 20 well 5371316.045 291433.867 1013.440 mw TS
BCP00034 Nyack 21 well 5370942.380 291907.254 1014.404 mw TS
BCP00035 Nyack 22 well 5371219.538 292167.345 1014.583 mw TS
BCP00036 Nyack 23 well 5370583.753 291743.757 1015.133 mw TS
BCP00037 Nyack 24 well 5369549.144 291928.216 1019.397 mw TS
BCP00038 Nyack 25 well 5370670.953 291975.232 1015.126 mw TS
BCP00039 Nyack 26 well 5370814.267 292413.454 1015.980 mw TS
BCP00079 Nyack 27 well 5371416.045 291693.151 1014.039 mw TS
BCP00080 Nyack 28 well 5371437.374 291852.176 1013.531 mw TS
none
Obs 1 well @ HA 
05 5371541.044 291077.130 1011.820 mw TS
none
Obs 2 well @ HA 
05 5371551.509 291083.260 1012.854 mw TS
BCP00247 Obvious Cow well 5372539.532 290796.331 1010.778 mw TS
BCP00360 Picture well 5369813.170 292284.474 1019.691 mw TS
BCP00044 Railroad well 5370000.429 291908.878 1017.872 mw TS
BCP00530 Sap Flow 3 well 5374028.476 289944.763 1005.192 mw TS
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BCP00248 Sgt. East well 5373282.020 290800.207 1008.465 mw TS
BCP00043 Sgt. North well 5373292 019 290740.196 1008.843 mw TS
BCP00042 Sgt. South well 5373249.969 290731.867 1008.123 mw TS
BCP00101 Spruce Swale well 5371405.892 291319.131 1012.740 mw TS
BCP00099 Stump well 5372205.164 290970.521 1011.518 mw TS
BCP00358 Tadpole A well 5372941.740 291312.473 1009.487 mw TS
BCP00359 Tadpole B well 5373533.980 290735.984 1006.039 mw TS
BCP00041 Tinhorn well 5372614.647 290417.085 1009.465 mw TS
BCP00370 Trey Spring well 5372811.882 291034.433 1008.856 mw TS
BCP00245 Twin Crossing well 5370585.548 292106.039 1015.301 mw TS
BCP00249 Twin well 5370741.212 292191.533 1015.050 mw TS
BCP00070 Wallv A2 5371599.531 291845.378 1013.297 mw TS
BCP00053 Wally B 5371599.420 291837.451 1013.031 mw TS
BCP00054 Wally 0  well 5371606.542 291823.552 1012.974 mw TS
BCP00071 Wally 02 well 5371606.667 291822.205 1013.160 mw TS
BCP00055 Wally D well 5371612.431 291773.003 1012.840 mw TS
BCP00056 Wally E well 5371566.709 291731.866 1013.050 mw TS
BCP00057
Wally F 
replacement 5371578.465 291650.976 1012.196 mw TS
BCP00058 Wally G well 5371575.589 291573.153 1011.867 mw TS
BCP00073 Wally 0 2  well 5371577.506 291573.522 1011.841 mw TS
BCP00511 Crazy Beaver Deep 5372520.682 291393.785 1009.729 P TS
BCP00511
Crazy Beaver 
Shallow 5372520.370 291393.477 1009.759 P TS
BCP00505 Dry River Medium 5372142.535 291872.458 1011.325 P TS
BCP00505 Dry River Shallow 5372145.684 291871.337 1011.363 P - TS
BCP00016 Nyack 03 well 5370588.018 292106.781 1015.345 P TS
BCP00017 Nyack 04 well 5370587.768 292106.503 1015.440 P TS
BCP00018 Nyack 05 well 5370587.564 292106.207 1015.382 P TS
BCP00512
Nyack 18 
piezometer 5371770.132 290833.272 1011.709 P TS
BCP00508 RFCN 5371946.278 291312.179 1012.014 P TS
BCP00506 RFCS 5371876.173 291333.405 1011.725 P TS
BCP00509 RFFN 5372000.818 291289.176 1012.272 P TS
BCP00507 RFFS 5371819.025 291350.923 1012.223 P TS
BCP00504 Trey Long 5369971.719 291952.331 1018.284 P TS
BCP00504 Trey Medium 5369971.350 291953.697 1018.309 P TS
BCP00504 Trey Short 5369971.092 291953.110 1018.251 P TS
BCP00522 SG (8) 3.4,5 5370581.920 292112.668 1013.107 sg TS
BCP00088
SG @ Beaver 
Creek Gage J 5371241.373 291784.224 1011.768 sg TS
BCP00274
SG @ Beaver 
Creek-Dry Crk 5373731.389 289883.550 1003.029 sg TS
BCP00525
SG @ Beaver 
Creek-Wally 5371479.330 291588.091 1010.745 sg TS
BCP00294
SG @ Crazy 
Beaver 5372657.392 291321.851 1007.772 sg TS
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BCP00519
SG @ Deerlick- 
Wheelers 5373129.293 289819.155 1004.579 sg TS
BCP00517 SG @ DOT 5371417.269 290929.591 1011.746 sg TS
BCP00520 SG @ GWR 5370288.855 291607.366 1015.360 sg TS
BCP00516 SG @ MF-Wallv 5371549.978 291878.299 1011.152 sg TS
none
SG @ Moccassin 
Creek 5373597.934 289615.720 1002.724 sg TS
BCP00302 SG @ Movie Road 5369911.775 292233.713 1019.362 stg TS
BCP00090 SG @ Old Camp 5372132.132 291329.385 1009.828 sg TS
BCP00521 SG @ RF 5371911.994 291322.772 1009.533 sg TS
BCP00303 SG @ Sgt SSA 5373109.555 290680.966 1008.016 stg TS
BCP00298 SG @ Twin Spring 5370745.273 292193.597 1013.036 sg TS
BCP00304 SG @ Wally D 5371618.270 291768.441 1014.270 stg TS
BCP00299 SG @ Wally Spring 5371563.966 291566.978 1010.728 sg TS
BCP00091 SG @ Cascadilla 5367320.615 294646.071 1028.698 sg TS
BCP00113
Crazy Beaver 
Spring Brook 5372509.000 291490.000 N/A sw HH
BCP00116
Deer Lick @ 
Beaver 5373597.000 289608.000 N/A sw HH
BCP00049 Wheeler 5373168.710 290004.593 1008.437 dw HH
BCP00103 Great Bear 5369512.000 291660.000 1018.388 mw TS
BCP00111 SG @ Harrison 5374961.000 289865.000 N/A sg HH
BCP00510 Sgt. Shallow 5373251.000 290733.000 1007.840 P TS
BCP00510 Sgt. Medium 5373251.300 290733.300 1007.815 P TS
BCP00510 Sgt. Deep 5373250.700 290732.700 1007.835 P TS
BCP00305 SS Sgt. 5373122.000 290689.000 N/A mw HH
BCP00050 GWR Large 5370089.300 291098.660 1018.570 dw HH
BCP00051 GWR Small 5370061.480 291063.610 1018.770 dw HH
BCP00092 SG @ Ouzel 5374979.712 288351.774 998.351 sg HH
none Great Bear Creek 5370106.000 291092.000 N/A sw HH
BCP00117 SG @ Nyack Creek 5370056.000 293629.000 N/A sg HH
BCP00533 Sgt. Seep 5373189.000 290687.000 N/A sw HH
BCP00532
Tom's Crk @ 
Nyack 23 5370578.000 291741.000 N/A sw HH
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Appendix E -  Slug test packer system design
rubber stopper/ 
air release valve pressure guage
packer inflation tubes
3.8or5.1-cmdiam.PVCpipe
/\ sample interval (1m)
fully screened^ 
7.6-cmdiam.well
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Appendix F -  Floodplain-scale numerical model illustrations
River cells (blue)
L,4_  su  4 , .  r  1
Flow direction 
Top of model Inactive flow
K = 400
K = .01 m/d
Model domain and boundary specifications. The top photograph is an 
areal view of the floodplain. Inactive flow is set where bedrock is at the 
surface. The bottom picture is a longitudinal cross-section along the 
long axis of the floodplain. Inactive flow is set to the depth to bedrock 
model developed by Harrison (2004).
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i
Modeled water table maps for the Nyack Floodplain. (A) September 
2003 and (B) May 2003.
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Appendix G -  Depth to Bedrock Model (Harrison, 2004)
m below ground 
surface
0  185 m below ground
surface
0 5001,000 2.000 3,000 4,000
Meter
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Appendix H -  Assorted Nyack Floodplain Water Table Maps
^  ll0i0B fïïâ
i[0«[0m
Legend
Sites 
TYPE
*- multilevel piezometers 
staff gage 
#  well
4 -
n l0)ilK #m n
0 250 500 1 .000 Meters
I I
Water table map, Nyack floodplain, February 2004.
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Legend
Sites 
TYPE
multilevel piezometers 
staff gage 
•  well
250 500 1,000 Meters
Water table map, Nyack floodplain, August 2004.
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« H1011 m
100 mI_______I
1012 m
Water table map, Wally area, Nyack floodplain, August 2004.
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Appendix I - Vertical Head Gradient Analysis
Nested piezometers were used to gather vertical gradient data 
throughout the floodplain. Vertical head data was also collected using the 
slug packer system in 3-inch wells. See maps below for vertical gradient 
measurements in September 2003 and May 2004.
In general, a strong downward gradient exists at the head of the 
floodplain and a weak upward gradient exists at the foot of the floodplain.
The strongest downward gradients exist in the Movie Road area. Downward 
gradients seem to become progressively weaker as you travel down gradient 
until you reach the Crazy Beaver area, where the gradient becomes zero 
(horizontal flow). From the Crazy Beaver area to the farthest measurement 
down gradient (HA 11), the vertical head gradients range between 0 and 
+.009.
It appears that the flow returning to the river is mostly horizontal. This 
can attributed to the gradual thinning of the aquifer. The lower boundary of 
the aquifer is assumed to be horizontal while ground surface slopes 
downward and decreases 14m in elevation from Movie Road to the 
downgradient side of Wheeler’s. Therefore, the slope of ground surface is 
the driving factor that brings groundwater back to the surface, not upward 
flow. See a hypothetical cross-section illustrating this below.
108
%
m
4,0000 500
Meters- * f xe ^
Vertical head gradients, Nyack floodplain, September 2003. Negative 
numbers (red) indicate downward gradients, zeros (blue) indicate 
horizontal flow and positive numbers (green) indicate upward flow.
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m
é :
4,000 ^
Meters
3,000500 1,000 2,000
Vertical head gradients, Nyack floodplain, May 2004. Negative numbers (red) 
indicate downward gradients, zeros (blue) indicate horizontal flow and positive 
numbers (green) Indicate upward flow. Note: These are values measured at 
piezometer nests within the aquifer. Gradients may be up to an order of 
magnitude greater at the river / groundwater interface.
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Movie Road
Return Flow w/ 
no vertical flow 
component
Groundwater Flow
Wheelers
Aquifer Base (Clay/Silt)
Hypothetical cross-section from Movie Road to Wheelers illustrating the 
process of return flow to the river with no vertical flow component. 
Vertical exaggeration is 500x.
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Appendix J -  Hydraulic conductivity data from packer slug tests
Packer Slug Test Results
Depth HA01 HA02 HA03 HA04 HA05 HA06 HA07 HA09 HA10 HA11 HA12 HA13 HA14 HA17 HA18 HA19 HA20
2.5 167 264 302 227 137 0 26 202 273 385 308 244
3.5 161 341 306 342 287 255 248 260 289 391 212 518 278 282 217 170
4.5 246 274 413 415 239 252 438 385 456 795 278 319 327 459 299 313 249
5.5 269 257 434 514 245 271 309 561 557 575 224 170 355 417 271 277 256
6.5 245 269 490 661 84 225 277 554 636 241 217 392 802 241 157 220
7.5 248 244 514 921 310 43 252 271 301 366 765 285 175
8.5 273 424 891 245 26 374 291 349 427
9.5 256 398 401 355 185 250
10.5 561 146 481 130
11.5 636 94
12.5 205
Ave: 233 275 426 461 199 260 260 290 434 487 314 266 358 486 281 241 219
Depth HA08 Depth HA15 Depth HA16 Note:
3.4 214 1.4 397 3 214
4.4 264 2.4 546 4 309 Hydraulic conductivity values are m/d.
5.4 264 3.4 466 5 260
6.4 207 4.4 763 6 224 Depth is meters below top of well casing to the
5.4 423 7 225 center of the 1m sampling interval.
6.4 825
7.4 443 Overall average hydraulic conductivity is 325 m/d
8.4 372
Ave; 238 529 247
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Appendix K - Floodplain Scale Numerical Model Calibration Data
K = 50 m/d K = 400 m/d K = 1500 m/d
Month
Absolute 
Residual 
Mean(m)
# of Head 
Data Pts Month
Absolute 
Residual 
Mean (m)
# of Head 
Data Pts Month
Absolute 
Residual 
Mean (m)
# of Head 
Data Pts
Sep-03 0.29 142 Sep-03 0.19 142 Sep-03 0.33 142
Oct-03 0.31 142 Oct-03 0.21 142 Oct-03 0.32 142
Nov-03 0.3 142 Nov-03 0.20 142 Nov-03 0.33 142
Dec-03 0.3 142 Dec-03 0.21 142 Dec-03 0.34 142
Jan-04 0.31 142 Jan-04 0.21 142 Jan-04 0.33 142
Feb-04 0.31 142 Feb-04 0.20 142 Feb-04 0.31 142
Mar-04 0.33 142 Mar-04 0.23 142 Mar-04 0.35 142
Apr-04 0.42 142 Apr-04 0.33 142 Apr-04 0.38 142
May-04 0.41 142 May-04 0.33 142 May-04 0.41 142
Jun-04 0.4 142 Jun-04 0.32 142 Jun-04 0.43 142
Jul-04 0.39 142 Jul-04 0.29 142 Jul-04 0.39 142
Aug-04 0.34 142 Aug-04 0.25 142 Aug-04 0.36 142
Average: 0.34 0.25 0.36
Head calibration data. The table shows three different model runs with three different average 
aquifer hydraulic conductivities (50, 400 and 1000 m/d). Error is broken down by month and is 
also averaged over the entire year. Error is presented as absolute residual mean. Each month 
had 142 different head measurements as data points.
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MF
Flow
Zone
Measured
Gain/Loss
(cms)
K = 50 m/d 
Modeled 
Gain/Loss %
(cms) Difference
K = 400 m/d 
Modeled 
Gain/Loss %
(cms) Difference
K = 1500 m/d 
Modeled 
Gain/Loss %
(cms) Difference Comments
1 -0.30 -0.06 80% -0.34 13% -1.32 340%
2 -0.40 -0.01 98% -0.39 3% -1.55 288%
3 1.40 0.12 91% 1.42 1% 5.12 266%
Measured gain does not include 
flow from Nyack Creek
4 0.10 0.01 90% 0.08 20% 0.52 420%
5 -0.90 -0.09 90% -0.92 2% -2.83 214%
6 0.80 0.03 96% 0.81 1% 2.98 273%
Measured gain does not include 
flow from Harrison and Moccasin 
Creeks
Ave. Difference: 91% 7% 300%
BO
Flow
Zone
Measured
Gain/Loss
(cms)
K = 50 m/d 
Modeled 
Gain/Loss 
(cms)
%
Difference
K = 400 m/d 
Modeed 
Gain/Loss %
(cms) Difference
K = 1500 m/d 
Modeled 
Gain/Loss %
(cms) Difference Comments
1 0.09 0.01 89% 0.10 12% 0.42 369%
Gain does not include flow from Twin
2 0.53 0.03 94% 0.57 7% 2.1 296% Creek
3 0.09 0.01 89% 0.08 9% 0.36 309%
Gain does not include flow from
4 0.02 -0.01 150% 0.03 50% 0.11 450% Wally Creek
5 -0.24 -0.02 92% -0.15 38% -0.86 254%
6 0.25 0.05 80% 0.23 7% 1.1 347%
7 0.13 0.02 84% 0.11 15% 0.56 334%
8 -0.14 -0.02 86% -0.05 65% -0.42 198%
Average: 95% 25% 320%
Flow budget calibration data. The table shows three different model runs with three different average hydraulic 
conductivities. Error is shown as percent difference between measured and modeled flux from the surface water to the 
aquifer. The top table shows Middle Fork values and the bottom table shows Beaver Creek values.
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Appendix L -  Measured Field 
Parameters
(temperature, specific conductance 
and dissolved oxygen)
Site Name Date IN T Temp SpC D O V .
Beaver 
Creek @ 
Deer Lick
2/23/2004 4.8 185 84.2
Beaver 
Creek @  
Deer Lick
4/12/2004 7 152 95.3
Beaver 
Creek @ 
Deer Lick
5/24/2004 7.8 149 89.8
Beaver 
Creek @ 
Deer Lick
8/3/2004 13.6 191 84.4
Bedrock A 8/12/2003 whole 14.2 191 87.4
Bedrock A 8/31/2003 whole 11.6 208 79.7
Bedrock A 12/4/2003 whole 1.2 226 85.5
Bedrock A 2/21/2004 whole 0.6 182 81 9
Bedrock A 4/13/2004 whole 5.2 141 88.8
Bedrock A 5/27/2004 whole 7.2 139 79.8
Bedrock A 7/5/2004 whole 12.2 129 73.6
Bedrock A 7/27/2004 whole 16.8 178 65 1
Bedrock B 8/12/2003 whole 17.7 222 34.1
Bedrock B 8/23/2003 whole 44.6
Bedrock B 8/31/2003 whole 15.2 209 44,6
Bedrock B 11/14/2003 whole 5.7 220 76.3
Bedrock B 2/21/2004 whole 0.5 184 83.3
Bedrock B 4/13/2004 whole 7.3 140 86
Bedrock B 5/27/2004 whole 10 9 174 55.5
Bedrock B 7/5/2004 whole 5.4 171 32,1
Bedrock B 7/27/2004 whole 17 194 38.7
Bedrock C 8/12/2003 whole 17.4 212 42.3
Bedrock C 8/23/2003 whole 43 1
Bedrock C 8/31/2003 whole 17.3 215 36.7
Bedrock C 11/14/2003 whole 4.9 226 76.1
Bedrock C 2/21/2004 whole 0.5 181 83.5
Bedrock C 4/13/2004 whole 5.5 143 86.3
Bedrock C 5/27/2004 whole 7.4 142 81.3
Bedrock C 7/5/2004 whole 119 144 60.8
Bedrock C 7/27/2004 whole 19 189 61 1
Cabin Well 7/9/2003 whole 8.5 285 36.2
Cabin Well 11/9/2003 whole 7.7 281 40.5
Cabin Well 4/6/2004 whole 4.9 281 39.4
Charlie
Brown
10/28/2002 whole 11.4 203 511
Site_Name Date IN T Temp SpC D O %
Charlie
Brown
1/28/2003 whole 3 2 216 72.3
Charlie
Brown
2/2/2003 whole 2.7 217 75.2
Charlie
Brown
3/16/2003 whole 1.4 210 75.6
Charlie
Brown
3/19/2003 whole 1.4 210 80.6
Charlie
Brown
4/15/2003 whole 10 213 6 89
Charlie
Brown
5/30/2003 whole 4.9 466
Charlie
Brown
8/7/2003 whole 9.4 215 37.7
Charlie
Brown
8/30/2003 whole 11.9 224 35.3
Charlie
Brown
11/9/2003 whole 11.9 230 63.5
Charlie
Brown
2/8/2004 2.0 2.7 187 72.1
Charlie
Brown
2/8/2004 2.0 2.7 188 75.2
Charlie
Brown
2/10/2004 whole 2.6 186 71
Charlie
Brown
4/5/2004 whole 11 248 73.6
Charlie
Brown
4/20/2004 whole 12 191 74.5
Charlie
Brown
4/27/2004 whole 15 191 71.4
Charlie
Brown
5/5/2004 whole 2.1 163 69,8
Charlie
Brown
5/10/2004 whole 2.5 179 65.7
Charlie
Brown
5/18/2004 whole 3 186 64.2
Charlie
Brown
5/25/2004 whole 3.7 182 67.6
Charlie
Brown
5/25/2004 whole 3.7 182 67.6
Charlie
Brown
6/8/2004 whole 4 6 186 60.6
Charlie
Brown
7/5/2004 whole 7.1 165 54.6
Charlie
Brown
7/14/2004 whole 8 5 192 53.4
Charlie
Brown
7/25/2004 whole 7.9 96 47.3
Charlie
Brown
8/4/2004 whole 9 1 191 44.7
Charlie
Brown
8/18/2004 whole 10.4 187 35.3
Charlie
Brown
9/1/2004 whole 11.6 189 23.2
Charlie
Brown
9/16/2004 whole 12.5 190 40.8
Charlie
Brown
9/29/2004 whole 13.2 189 53
Charlie
Brown
10/14/2004 whole 13 190 1576
Chris A 10/18/2002 whole 8 8 41 2
Chris A 2/14/2003 whole 4.9 238 50.1
Chris A 3/19/2003 whole 4.4 243 52.6
Chris A 3/28/2003 whole 4.3 239 44.1
Chris A 4/14/2003 whole 4.7 248 59.2
Chris A 7/10/2003 whole 8 142 52
Chris B 7/10/2003 whole 8.0 142 52
Chris B 8/6/2003 whole 8 8 227 37.2
Chris B 8/24/2003 whole 35.5
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Site_Name Date IN T Tem p SpC D O %
Chris B 9/1/2003 whole 10.0 231 33.2
Chris B 11/10/2003 whole 7.8 249 32.7
Chris B 2/21/2004 whole 5.8 261 46 4
Chris B 4/11/2004 whole 6 301 56 9
Chris B 5/29/2004 whole 6.9 258 52.6
Chris B 7/8/2004 whole 9.5 250 42 1
Chris B 7/27/2004 whole 8.8 210 41.3
Control A 9/18/2002 whole 11.9 182
Control A 10/9/2002 whole 9.7 191 73.6
Control A 12/14/2002 whole 2.1 193 76.6
Control A 2/2/2003 whole 1.5 200 74.4
Control A 2/10/2003 whole 1.5 203 77.6
Control A 3/11/2003 whole 1.6 206 77.6
Control A 3/19/2003 whole 1.5 201 82.1
Control A 3/28/2003 whole 2.0 180 61.1
Control A 4/14/2003 whole 3.5 167 78.8
Control A 5/29/2003 whole 7.3 76.2
Control A 7/7/2003 whole 12.8 124 77.2
Control A 7/10/2003 whole 11.9 124 77.2
Control A 8/6/2003 whole 15 2 188 59.1
Control A 9/1/2003 whole 13.7 205 59.7
Control A 11/7/2003 whole 217 76.2
Control A 11/8/2003 whole 4.4 217 72.6
Control A 2/21/2004 whole 15 183 76
Control A 4/11/2004 whole 4.5 179 869
Control A 5/30/2004 whole 6.9 144 83.4
Control A 7/28/2004 whole 14.4 172 6 79
Control B 9/18/2002 whole 11.6 180
Control B 10/9/2002 whole 8.3 187 74 5
Control B 12/14/2002 whole 2.0 192 74.0
Control B 2/2/2003 whole 1.3 197 77.8
Control B 2/10/2003 whole 1.4 202 79.1
Control B 3/11/2003 whole 1.0 204 77.0
Control B 3/19/2003 whole 1.2 199 82.9
Control B 3/28/2003 whole 2.1 177 70.6
Control B 4/14/2003 whole 4.1 167 78.3
Control B 5/29/2003 whole 7.5 83.7
Control B 7/7/2003 whole 12.8 121 69.2
Control B 7/10/2003 whole 12 8 69.2
Control B 8/6/2003 whole 15.6 184 67.3
Control B 9/1/2003 whole 13.2 198 67.1
Control B 11/7/2003 whole 214 76.7
Control B 11/8/2003 whole 4.5 214 76.7
Control B 2/21/2004 whole 1.3 179 83.3
Control B 4/11/2004 whole 4.8 172 86 8
Control B 5/30/2004 whole 7.3 140 78.2
Control B 7/28/2004 whole 14 3 173 64.2
Site Name Date IN T Temp SpC D O */.
Control C 9/18/2002 whole 12 1 188
Control C 10/9/2002 whole 109 195 62.6
Control C 12/14/2002 whole 3 8 197 68.1
Control C 2/2/2003 whole 2.0 227 62.0
Control C 2/10/2003 whole 2.1 201 71.2
Control C 3/11/2003 whole 1.9 214 69.9
Control C 3/19/2003 whole 19 218 73.5
Control C 3/28/2003 whole 1.8 209 61.7
Control C 4/14/2003 whole 2.4 235 57.3
Control C 5/29/2003 whole 5.5 60.5
Control C 7/10/2003 whole 10 128 55.3
Control C 7/10/2003 whole 9 1 128 55.5
Control C 9/1/2003 whole 13.0 190 60.7
Control C 11/7/2003 whole 215 66.8
Control C 11/8/2003 whole 8.5 215 66 8
Control C 2/21/2004 whole 2.4 187 73.6
Control C 4/11/2004 whole 3.6 258 67.8
Control C 5/30/2004 whole 5.7 172 62,2
Control C 7/28/2004 whole 10.6 198 58
Control D 9/18/2002 whole 10.5 217
Control D 10/9/2002 whole 10.2 228 28 6
Control D 12/14/2002 whole 6.4 213 41.2
Control D 2/2/2003 whole 4.9 238 47 5
Control D 2/10/2003 whole 5.4 233 49 5
Control D 3/11/2003 whole 4.6 224 4 44
Control D 3/19/2003 whole 4 6 245 48.1
Control D 3/28/2003 whole 4.7 235 46.9
Control D 4/14/2003 whole 4 1 270 45.0
Control D 5/29/2003 whole 5.5 60.2
Control D 7/10/2003 whole 9.3 136 38.6
Control D 7/10/2003 whole 8.0 136 38.6
Control D 8/6/2003 whole 9.8 234 34.3
Control D 9/1/2003 whole 10 1 240 33.6
Control D 11/7/2003 whole 251 27.3
Control D 11/8/2003 whole 8.1 251 273
Control D 2/21/2004 whole 5.8 258 46 I
Control D 4/11/2004 whole 5.7 271 55.8
Control D 5/30/2004 whole 5.7 239 55.1
Control D 7/28/2004 whole 8.7 218 35
Control E 9/18/2002 whole 9.5 222
Control E 10/9/2002 whole 9.0 304 17.8
Control E 12/14/2002 whole 5.9 320 28.4
Control E 2/2/2003 whole 4.8 344 27 5
Control E 2/10/2003 whole 4.8 345 34.3
Control E 3/11/2003 whole 4.6 416 28 3
Control E 3/19/2003 whole 4 5 371 38 4
Control E 3/28/2003 whole 4 1 332 35 5
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Site Name Date IN T Tem p SpC D O %
Control E 4/14/2003 whole 4.0 315 55.4
Control E 5/29/2003 whole 6 1 53.5
Control E 7/10/2003 whole 10 170 39.5
Control E 7/10/2003 whole 8.0 270 395
Control E 9/1/2003 whole 9.0 305 21.1
Crazy 
Beaver A
11/14/2003 whole 9.1 246 32.7
Crazy 
Beaver A
11/18/2003 whole 8.8 243 35.9
Crazy 
Beaver A
2/24/2004 whole 4.4 191 56.3
Crazy 
Beaver A
4/8/2004 lab 4.1 231 72.7
Crazy 
Beaver A
5/27/2004 whole 6.9 168 66.7
Crazy 
Beaver A
7/10/2004 whole 10.9 199 50.2
Crazy 
Beaver A
7/27/2004 whole 113 196 39.4
Crazy 
Beaver B
11/14/2003 whole 7.0 247 24.7
Crazy 
Beaver B
11/18/2003 whole 7.1 238 32.7
Crazy 
Beaver B
7/27/2004 whole 13.7 200 39.4
Crazy 
Beaver C
11/14/2003 whole 8 4 244 32.4
Crazy 
Beaver C
11/18/2003 whole 8.2 242 31 9
Crazy 
Beaver C
2/24/2004 whole 4.6 193 556
Crazy 
Beaver C
4/8/2004 whole 4.1 255 59.7
Crazy 
Beaver C
5/27/2004 whole 5.5 194 52
Crazy 
Beaver C
7/10/2004 whole 8 5 191 39.7
Crazy 
Beaver D
7/10/2003 whole 9.85 165 3 66
Crazy 
Beaver D
7/10/2003 whole 9.0 165 36.6
Crazy 
Beaver D
8/6/2003 whole 7.8 248 29.1
Crazy 
Beaver D
8/6/2003 whole 7.8 248 29.1
Crazy 
Beaver D
8/24/2003 whole 20.7
Crazy 
Beaver D
9/1/2003 whole 8.5 246 22.2
Crazy 
Beaver D
11/10/2003 whole 8.6 261 19.6
Crazy 
Beaver Spr 
Brook
11/10/2003 8.2 251 509
Dali mata 
Field
8/4/2002 whole 11.9 392 9.1
Dalimata
Field
4/15/2003 whole 1.8 336 56.0
Dalimata
Field
5/29/2003 whole 10 1 42.5
Dalimata
Field
8/8/2003 whole 9.6 304 37.3
Dalimata
Field
9/2/2003 whole 106 265 43.2
Dalimata
Field
11/9/2003 whole 10.7 268 39
Dalimata
Field
2/24/2004 whole 3.6 340 34.3
Dalimata
Field
5/26/2004 whole 4.9 348 53.3
Dalimata
Field
7/25/2004 whole 9.2 302 42,9
Site Name Date IN T Temp SpC DO %
Dalimata
Field
4/10/2004 whole 2.2 393 66.4
Deer Lick 
Creek @ 
Beaver
2/23/2004 3.9 183 85.8
Deer Lick 
Creek @ 
Beaver
4/12/2004 7.9 174 93.5
Deer Lick 
Creek @  
Beaver
5/24/2004 7.7 164 91.7
Deer Lick 
Creek @ 
Beaver
8/3/2004 9.9 197 96.8
Dry Creek 
A
10/10/2002 whole 10.5 275
Dry Creek 
A
2/6/2003 whole 325 17.5
Dry Creek 
A
2/14/2003 whole 2,9 229 13.9
Dry Creek 
A
3/18/2003 whole 1.5 262 11.8
Dry Creek 
A
4/15/2003 whole 3.5 322 22.8
Dry Creek 
A
8/7/2003 whole 149 235 206
Dry Creek 
A
9/4/2003 whole 12.0 227 44.2
Dry Creek 
B
10/10/2002 whole 10.5 289
Dry Creek 
B
2/6/2003 whole 245 44.9
Dry Creek 
B
2/14/2003 whole 5.2 251 45.8
Dry Creek 
B
3/18/2003 whole 4.4 248 50.7
Dry Creek 
B
4/15/2003 whole 3.6 257 54.2
Dry Creek 
B
5/30/2003 whole 5.1 58.9
Dry Creek 
B
8/7/2003 whole 9.7 263 29.1
Dry Creek 
B
9/4/2003 whole 10.0 269 32.4
Dry Creek 
C
12/4/2003 whole 7.5 284 30.2
Dry Creek 
C
2/22/2004 whole 4 298 43.9
Dry Creek
C
4/9/2004 whole 3.4 315 63.8
Dry Creek 
C
5/27/2004 whole 6.5 168 51 0
Dry Creek 
C
7/27/2004 whole 7 8 231 35 6
Great Bear 10/28/2002 whole 5.7 193 38.7
Great Bear 2/2/2003 whole 3.3 219 61 2
Great Bear 2/11/2003 whole 3.7 207 53 6
Great Bear 3/16/2003 whole 3.6 206 60.8
Great Bear 3/19/2003 whole 3.2 218 61.3
Great Bear 4/15/2003 whole 3.4 194 60.9
Great Bear 5/30/2003 whole 5.2 80.6
Great Bear 8/7/2003 whole 7.7 209 37.2
Great Bear 8/24/2003 whole 41.0
Great Bear 8/30/2003 whole 6.5 220 32.4
Great Bear 11/9/2003 whole 5 6 235 37.7
Great Bear 2/8/2004 2.0 3.8 192 47.4
Great Bear 2/8/2004 2.0 3.6 192 48.6
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Site_Name Date IN T Temp SpC D O %
Great Bear 2/10/2004 2.0 3 6 190 45 3
Great Bear 4/5/2004 2.0 3.6 241 54.9
Great Bear 4/5/2004 4.0 4.4 242 62.6
Great Bear 5/30/2004 whole 5.8 241 60.8
Great Bear 7/5/2004 whole 7.0 179 38.0
Great Bear 7/25/2004 whole 7.6 196 313
H A  01 8/5/2003 2.0 5.8 241 4 67
H A O l 8/5/2003 8.0 4.9 217 57.2
H A  01 8/23/2003 whole 54.3
H A O l 9/6/2003 whole 5.8 226 51.5
H A O l 11/10/2003 whole 6.6 229 47.3
H A O l 2/25/2004 2.0 4.8 187 47.7
H A O l 2/25/2004 5.0 5.1 183 53.8
H A O l 4/5/2004 3.0 4.7 245 50.7
H A O l 4/5/2004 5.0 4.8 234 58.2
H A O l 5/26/2004 whole 4.5 239 66.3
H A O l 5/26/2004 whole 4.9 265 44.8
H A O l 6/28/2004 2.0 7.1 297.0 23.2
H A O l 7/25/2004 whole 4.9 205 55.7
H A O l 7/25/2004 whole 6.6 215 5 06
HA  02 8/4/2003 16 16.3 214 59.1
HA  02 8/4/2003 7.0 15.7 192 1 60.8
HA  02 8/24/2003 whole 56.1
HA  02 8/30/2003 whole 14.0 211 42.8
H A  02 2/10/2004 2.0 0.1 182.1 78.3
H A  02 2/10/2004 2.0 0.1 183.5 77.3
H A  02 2/10/2004 2.0 0,1 183.8 77.7
H A  02 2/10/2004 5a 0.1 178.7 78.1
H A  02 4/5/2004 8.0 4.3 184 75.4
H A  02 4/5/2004 2.0 4.3 177 84 1
H A  02 5/25/2004 8.0 6.8 144 75
H A  02 5/25/2004 2.0 7.2 141 84
H A  02 7/25/2004 8.0 14.6 190 53.3
H A  02 7/25/2004 2.0 14.9 194 44.4
H A  02 11/10/2003 whole 0.3 227 80.3
H A  03 8/1/2003 2.0 7.8 214
HA 03 8/1/2003 15.0 7.8 209
HA 03 8/5/2003 2.1 9.0 215 45.5
H A  03 8/5/2003 8.0 8.8 213 42.7
H A  03 9/6/2003 whole 12.0 228 42.7
H A  03 11/9/2003 whole 111 233 61.4
H A  03 2/24/2004 2 0 1.5 189.5 77.4
HA 03 4/6/2004 whole 1 255 73.2
H A  03 5/26/2004 8.0 3.5 248 61.8
H A  03 5/26/2004 2,0 3.5 236 59.5
H A  03 6/4/2004 2.0 58.2
H A  03 7/25/2004 8.0 7 193 49 1
S iteN am e Date IN T Temp SpC D O %
HA 03 7/25/2004 2.0 7 3 190 45.5
HA 04 7/31/2003 2.0 6.6 224
HA 04 7/31/2003 10.0 5.3 211
HA 04 8/5/2003 14 13.8 267 25.3
H A  04 8/5/2003 8.0 5.9 205 71.2
H A  04 8/24/2003 whole 59.3
HA 04 9/2/2003 whole 6.7 196 5 33.8
HA 04 11/8/2003 whole 6.7 228 43.7
HA  04 2/9/2004 2.0 6 0 187.2 63
HA  04 2/9/2004 7.0 7.2 171.8 71,9
H A  04 4/6/2004 whole 5.5 382 52.4
H A  04 5/28/2004 8.0 4.6 189 73.8
HA 04 5/28/2004 2.0 7.8 337 41.8
HA 04 7/26/2004 8.0 6.9 195 77.5
H A  04 7/26/2004 2.0 10.1 213 58.9
HA 05 7/31/2003 2.0 6.9 244
H A  05 7/31/2003 4.0 6.9 244
HA  05 7/31/2003 6.0 6.9 247
HA  05 8/5/2003 1.5 9 3 256 50.3
HA 05 8/5/2003 5.0 7.4 246 58 8
HA 05 9/4/2003 whole 7.7 244 50.9
H A  05 11/7/2003 whole 6.3 246 40.4
HA  05 11/7/2003 whole 6.3 246 40.4
HA  05 2/9/2004 whole 4.6 188.4 45.2
HA 05 4/10/2004 8.0 5 240 45.7
HA 05 4/10/2004 2.0 4.6 248 43.7
HA 05 5/28/2004 8.0 5.2 253 52.8
HA 05 5/28/2004 2.0 6 260 52.7
HA 05 7/26/2004 8.0 6.3 228 60.1
HA 05 7/26/2004 2.0 8.1 226 56.1
HA 06 8/4/2003 2.0 6 3 257 60
HA 06 8/4/2003 6.5 6.2 258 56.5
HA 06 9/4/2003 whole 7.1 252 52.7
HA 06 11/6/2003 whole 6.8 252 44
H A  06 2/9/2004 2.2 5.7 196.7 41.5
HA 06 4/6/2004 whole 5.3 259 43.4
H A  06 5/28/2004 8 0 4.9 265 464
HA 06 5/28/2004 2.0 5 1 264 47.4
HA 06 6/18/2004 3.0 6.5 268.0 48.6
H A  06 7/26/2004 8.0 5.7 241 57
H A  06 7/26/2004 2.0 6 1 237 57.5
HA 07 7/31/2003 whole 6.0 277
HA 07 8/6/2003 2.5 6.7 281 52.6
H A  07 8/6/2003 7.0 6.2 280 53.2
H A  07 8/23/2003 whole 57.4
HA  07 9/4/2003 whole 7.3 268 52,2
HA 07 11/6/2003 whole 6.7 260 44.5
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HA 07 2/9/2004 3.2 5.4 257 37,2
HAG? 4/6/2004 whole 5.3 273 39
H A  07 5/28/2004 2.0 5.5 293 41.3
HA 07 6/18/2004 whole 7.1 296 402
H A  07 7/26/2004 8.0 6.2 265 53.7
HA 07 7/26/2004 2.0 6.9 275 50.7
H A  08 8/1/2003 whole 6.9 288
H A  08 8/6/2003 2.8 6.7 291 40.5
HA 08 8/6/2003 7.0 6.3 293 37.9
HA 08 9/6/2003 whole 7.3 287 41.8
H A  08 2/20/2004 whole 5.7 271 33
H A  08 5/28/2004 8.0 5.5 292 32.7
H A  08 5/28/2004 2.0 5.8 282 36.1
H A  08 7/10/2004 3.0 7.2 258.0 33.6
H A  08 7/26/2004 8.0 7 265 36.6
H A  08 7/26/2004 2.0 7.7 265 33.1
HA 09 7/31/2003 2.0 6.8 280 31 4
HA 09 7/31/2003 6.5 6.7 281 31.5
H A  09 8/4/2003 2.0 6.9 283 31.9
H A  09 8/4/2003 4 0 6 9 284 30 9
H A  09 9/6/2003 whole 8.0 277 34.9
H A  09 11/6/2003 whole 7.4 276 383
HA 09 2/25/2004 whole 5.7 270 32.5
H A  09 4/9/2004 8.0 5.3 274 35.2
H A  09 4/9/2004 2.0 5.3 276 35.9
HA 09 5/29/2004 8.0 5.3 283 34.3
HA 09 5/29/2004 2.0 5.3 284 36
HA 09 6/18/2004 2.0 6.7 279.0 33.6
H A  09 7/6/2004 2.0 7.4 279.0 34.1
H A  09 7/10/2004 2.0 8.1 249.0 31
HA 09 7/26/2004 8.0 7 256 37.5
HA 09 7/26/2004 2.0 7.1 253 38.1
H A  10 7/31/2003 2.1 8 6 303 21.5
HA 10 7/31/2003 6 5 8.6 288 16.5
H A  10 8/4/2003 2 0 9.0 277 13
HA 10 8/4/2003 8.0 9.0 277 6.8
HA 10 9/6/2003 whole 10.5 269 19.9
HA 10 11/4/2003 whole 9.0 281 19.4
HA 10 11/4/2003 whole 9 9 319 14.3
HA 10 2/9/2004 2.5 179
H A  10 2/9/2004 5.0 32.1
H A  10 2/25/2004 whole 4.8 278 26.9
HA 10 4/9/2004 8.0 4.9 293 24
HA 10 4/9/2004 2.0 4.6 386 32.8
HA 10 4/20/2004 whole 4.5 316 34
HA 10 4/27/2004 whole 4.7 317 21.6
H A  10 5/5/2004 whole 5 302 26.5
Site Name Date IN T Temp SpC D O %
HA 10 5/10/2004 whole 5 331 21.7
HA 10 5/18/2004 whole 5.4 306 19.5
H A  10 5/29/2004 whole 6.1 273 40.8
HA 10 5/29/2004 8.0 5.7 285 20.7
H A  10 5/29/2004 2.0 5.6 287 21
H A  10 6/8/2004 whole 5.9 300 21.4
H A  10 6/18/2004 2.3 6.9 287.0 15.3
HA 10 7/14/2004 whole 7.4 254 11.6
H A  10 7/26/2004 8.0 8.3 252 9.5
H A  10 7/26/2004 2.0 8.4 251 10.5
HA 10 8/4/2004 whole 9.5 248 9.8
HA 10 8/18/2004 whole 10.3 237 11.3
HA 10 9/1/2004 whole 108 239 7.5
HA 10 9/16/2004 whole 10.8 256 5.4
HA 10 9/29/2004 whole 10.9 257 10.8
HA 10 10/14/2004 whole 11 257 12.5
HA 11 7/30/2003 2.2 9.8 288 20.4
HA 11 7/30/2003 5.0 8.8 284 29.4
HA 11 8/5/2003 2.1 9 286 26.5
H A  11 8/5/2003 7.0 9 286 199
HA 11 9/4/2003 whole 9.7 299 18
H A  11 11/14/2003 whole 7.6 322 18 59
H A  11 4/10/2004 8.0 5 343 33.6
H A  11 4/10/2004 2.0 4.3 383 31.5
HA 11 5/29/2004 8.0 5.9 266 2.6
H A  11 5/29/2004 2.0 5.9 315 24.7
HA 11 6/18/2004 2.0 8.2 3190 17.5
HA 11 7/27/2004 8.0 8.2 258 16
HA 11 7/27/2004 2.0 8.9 276 119
HA 12 8/5/2003 2 0 109 267 2.1
HA 12 8/5/2003 7.0 11.2 242 13.8
HA 12 8/31/2003 whole 12.4 221 2.3
HA 12 11/8/2003 whole 114 288 4.6
HA 12 2/21/2004 whole 2 2 303 23.5
H A  12 4/7/2004 3.0 12 327 4 99
HA 12 4/7/2004 6.0 1 514 15.3
HA 12 5/16/2004 2.2 7.5 685 2.8
HA 12 5/30/2004 8.0 5.4 264 36.4
HA 12 5/30/2004 2.0 5.4 538 5.3
HA 12 7/28/2004 8.0 9.1 220 13.7
HA 12 7/28/2004 2.0 9 5 314 4.6
HA 13 8/1/2003 whole 7.9 217
HA 13 8/5/2003 2.8 9.8 243 37.8
HA 13 8/5/2003 7.0 8.1 213 46.2
HA 13 8/31/2003 whole 10.7 232 33
HA 13 11/8/2003 whole 11 260 45.4
HA 13 11/8/2003 whole 113 260 45.4
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H A  13 2/19/2004 3.0 1.7 194.8 71.6
H A  13 2/19/2004 7.0 2.3 1908 74.7
H A  13 2/20/2004 whole 1.8 198 71.5
HA 13 4/7/2004 4,0 1.5 283 62.9
HA 13 4/7/2004 8.0 1.6 253 64
HA 13 5/30/2004 8.0 3.5 200 54
HA 13 5/30/2004 2.0 4.2 237 53.8
HA 13 7/28/2004 8.0 8.2 218 45.8
H A  13 7/28/2004 2.0 8.2 221 47.2
HA 14 8/31/2003 whole 7.6 211 48.9
H A  14 11/8/2003 whole 10 226 50.6
H A  14 11/8/2003 whole 1003 226 50.6
H A  14 2/19/2004 whole 5.4 176.9 75.2
HA 14 2/20/2004 whole 5.4 177 75.2
HA 14 4/7/2004 3.0 3.8 236 66.1
H A  14 4/7/2004 7.0 3.5 235 66.7
H A  14 5/30/2004 8.0 3.6 197 62.2
HA 14 5/30/2004 2.0 3.6 192 63.6
HA 14 7/28/2004 8.0 6.4 197 57.7
H A  14 7/28/2004 2.0 6.3 197 55.9
HA 15 8/6/2003 2.0 8.7 270 17.5
HA 15 8/6/2003 7.0 7.3 249 46.1
H A 15 9/1/2003 whole 8.4 239 15 1
HA 15 11/8/2003 whole 6,6 256 13.1
HA 15 11/8/2003 whole 6.6 256 13.1
HA 15 2/24/2004 2.0 4.7 195.5 47
HA 15 4/20/2004 whole 6 274 58.9
HA 15 4/27/2004 whole 8.2 283 54.5
HA 15 5/5/2004 whole 6.7 286 52 8
HA 15 5/18/2004 whole 6.8 271 43.6
HA 15 5/25/2004 whole 7.3 271 45,9
H A 15 5/25/2004 8.0 6.8 273 48.7
HA 15 5/25/2004 2.0 7.3 271 45.9
HA 15 6/8/2004 whole 6.4 265 44.9
HA 15 7/8/2004 2 0 7.0 261 36.8
HA  15 7/14/2004 whole 7.4 231 40
HA 15 7/28/2004 8.0 8.1 227 47.3
HA 15 7/28/2004 2 0 8.3 226 45,7
HA 15 8/4/2004 whole 8.7 229 44.1
HA 15 8/18/2004 whole 9.2 218 28
H A  15 9/1/2004 whole 9.1 216 29
HA 15 9/16/2004 whole 9 217 385
HA 15 9/29/2004 whole 9.1 186 30 1
HA 15 10/14/2004 whole 9.1 222 26.3
HA 16 8/6/2003 2.1 10.7 302 22.9
HA 16 8/6/2003 8.0 5.9 227 50.2
HA 16 9/1/2003 whole 7.4 235 28.5
Site Name Date IN T Temp SpC DO %
H A  16 11/8/2003 whole 6 288 26
HA 16 11/8/2003 whole 6.3 288 26
H A  16 2/24/2004 lab 3.3 298 43 4
H A  16 5/30/2004 8 0 7.4 328 22.7
H A 1 6 5/30/2004 2.0 7 327 21.9
H A  16 7/8/2004 2.0 10.3 344 31.7
H A  16 7/28/2004 8.0 9.6 262 28.5
H A  16 7/28/2004 2.0 11 289 21.3
H A  17 8/5/2003 2.3 12.4 312 1.6
H A  17 8/5/2003 7.0 9 247 27.2
H A  17 8/23/2003 whole 28.5
HA 17 9/1/2003 whole 9 243 7.8
H A  17 11/8/2003 whole 7.8 323 2.2
H A  17 11/8/2003 whole 8.1 323 2.2
H A  17 2/24/2004 2.0 5 368 5.4
H A  17 4/10/2004 8.0 4 8 330 44.1
H A 17 4/10/2004 2 0 3.9 497 12
H A  17 5/30/2004 8.0 7 264 23.9
HA 17 5/30/2004 2.0 8 370 3.2
HA 17 6/28/2004 whole 425 3
H A  17 7/28/2004 8 0 9.7 233 24.4
H A  17 7/28/2004 2.0 12.3 348 3
HA 18 7/31/2003 2 0 8 5 199 45.8
HA 18 7/31/2003 6.0 8 3 196.4 46.5
H A 18 8/6/2003 2 0 9 5 204 47.6
HA 18 8/6/2003 7.0 9 196 48 9
HA 18 9/1/2003 whole 11.4 212 44.5
HA 18 11/10/2003 whole 9.5 228 54.2
H A  18 2/21/2004 whole 3.6 196 57.7
HA 18 4/7/2004 2.0 3.8 249 55
HA 18 4/7/2004 5.0 4 1 243 55,7
HA 18 5/29/2004 8.0 5.3 170 67.2
HA 18 5/29/2004 2.0 5.5 187 58.6
HA 18 7/28/2004 8.0 8 189 56 8
HA  18 7/28/2004 2.0 8 6 197 51.1
HA 19 7/30/2003 1.9 7.3 279 16.5
HA 19 7/30/2003 4.0 7.2 278 16.6
HA 19 8/6/2003 2 0 7.8 283 15.3
HA 19 8/6/2003 6.0 7.6 284 15 9
HA 19 8/31/2003 whole 8.3 293 15.2
HA 19 11/10/2003 whole 8 8 280 18.6
HA 19 2/22/2004 whole 6.4 294 37.6
HA 19 4/9/2004 8.0 5.6 293 41 9
HA 19 4/9/2004 2.0 5 6 293 43.7
HA 19 5/29/2004 8.0 6.7 266 166
HA 19 5/29/2004 2.0 8.2 280 40.1
HA 19 6/22/2004 2.0 246 38 5
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H A  19 7/26/2004 8 0 7,6 259 183
H A  19 7/26/2004 2,0 7.7 255 19
HA 20 7/31/2003 2.0 12,8 252 315
HA 20 7/31/2003 5.5 12.3 252 26
H A  20 8/6/2003 2.0 13,8 254 32,5
H A  20 8/6/2003 6.5 13 2 241 41.9
H A  20 8/23/2003 whole 37.2
H A  20 8/31/2003 whole 13.5 240 33,5
H A  20 11/10/2003 whole 8,4 273 34,8
H A  20 2/22/2004 whole 3.5 257 60
H A  20 4/9/2004 8.0 4.6 280 46,1
H A  20 4/9/2004 2.0 4,9 261 45,3
H A  20 5/29/2004 8.0 6 271 41,6
H A  20 5/29/2004 2.0 6 1 273 40.8
H A  20 6/24/2004 1.0 270 29,2
HA 20 7/26/2004 8.0 10.5 249 26.7
H A  20 7/26/2004 2.0 10.6 254 23.1
Hidden
Cow
1/31/2002 whole 5.0 238 35.1
Hidden
Cow
10/20/2002 whole 9.2 242 28.6
Hidden
Cow
3/18/2003 whole 4.1 241 26.2
Hidden
Cow
3/27/2003 whole 4.1 226 18 4
Hidden
Cow
4/14/2003 whole 4.2 242 36.7
Hidden
Cow
5/29/2003 whole 6 1 38.0
Hidden
Cow
8/12/2003 whole 8 6 261 42 0
Hidden
Cow
9/2/2003 whole 8.6 256 36.4
Hidden
Cow
11/6/2003 whole 7,3 253 25.5
Hidden
Cow
11/6/2003 whole 41 2
Middle 
Fork @ 
Wally
11/7/2003 0.9 223 87.3
Middle 
Fork @ 
Wally
11/10/2003 1,3 220 91,6
Middle 
Fork @ 
Wally
4/11/2004 4 167 89.2
Middle 
Fork @  
Wally
5/30/2004 6,2 133 90.8
Middle 
Fork @ 
Wally
7/28/2004 12,8 168 88.2
Middlefork 
@ Bedrock 
A
2/21/2004 2 180 90,4
Middlefork 
@ Bedrock 
A
7/27/2004 16,7 169 95,4
Middlefork
@ Dry
Creek C
4/9/2004 4,7 162 92,1
Middlefork 
®  Picture
4/5/2004 5 172 88,6
Middlefork 
(a). Picture
5/25/2004 8 139 85 2
S iteN am e Date IN T Temp SpC D O %
Middlefork 
@ Picture
7/25/2004 12 8 171 83 9
Middlefork 
@ Tadpole 
A
2/18/2004 1,7 179 89.4
Movie
Road
10/18/2001 whole 12,0 13 8
Movie
Road
8/4/2002 whole 11.5 164 8,9
Movie
Road
1/28/2003 whole 1,2 213 72,5
Movie
Road
3/19/2003 whole 0,9 231 58,6
Movie
Road
4/15/2003 whole 0,8 279 44,6
Movie
Road
5/30/2003 whole 9.2 42.2
Movie
Road
7/10/2003 whole 10 1 50
Movie
Road
8/7/2003 whole 13 6 309 2 0
Movie
Road
8/30/2003 whole 15.4 258 3,9
Movie
Road
11/9/2003 whole 9.9 375 2,9
Movie
Road
2/10/2004 2,0 0.4 300 25,5
Movie
Road
2/10/2004 2,5 0,5 300 26,7
Movie
Road
2/10/2004 3,5 0,5 290 28,3
Movie
Road
2/10/2004 4,5 0,5 293 29
Movie
Road
4/5/2004 whole 0,9 409 26,7
Movie
Road
5/25/2004 whole 5.2 430 12,4
Movie
Road
7/5/2004 whole 8.4 354 6,6
Movie
Road
7/25/2004 whole 10.4 303 5
Nyack 01 7/10/2003 whole 11.9 50
Nyack 05 11/9/2003 whole 11.2 223 70,9
Nyack 09 7/10/2003 whole 13.2 40
Nyack 11 8/4/2002 whole 7.7 194 53,8
Nyack 11 1/31/2003 whole 3.7 262 20,4
Nyack 11 3/18/2003 whole 3.3 256 18,0
Nyack 11 3/28/2003 whole 4 258 31,2
Nyack 11 4/15/2003 whole 3.5 356 36,5
Nyack 11 5/29/2003 whole 7,1 31,9
Nyack 11 8/8/2003 whole 9,8 249 54 4
Nyack 11 9/4/2003 whole 8,8 238 42,5
Nyack 12 7/10/2003 whole 6,4 18,9
Nyack 14 7/10/2003 whole 8 8 36 1
Nyack 25 1/31/2002 whole 6,1 190 63,4
Nyack 25 8/4/2002 whole 7,7 158 37,8
Nyack 25 10/20/2002 whole 9,5 194 58,7
Nyack 25 3/19/2003 whole 3,7 171 45,4
Nyack 25 4/15/2003 whole 2.9 223 64,3
Nyack 25 8/8/2003 whole 114
Nyack 25 8/12/2003 whole 7,1 206 56,5
Nyack 25 9/2/2003 whole 8,6 208 47 5
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Nyack 6 5/29/2003 whole 4.2 79.2
Nyack 6 8/8/2003 whole 7.6 193 51.4
Obvious
Cow
8/8/2003 whole 7.9 260 41.9
Obvious
Cow
9/2/2003 whole 8 6 260 45.9
Obvious
Cow
11/6/2003 whole 6.3 245 44.7
Picture 8/24/2003 whole 61.3
Picture 8/30/2003 whole 12.7 210 53.3
Picture 11/9/2003 whole 1.2 228 717
Picture 2/10/2004 2.0 0.1 185 6 7 6
Picture 2/10/2004 whole 0.1 184 70.1
Picture 4/5/2004 whole 3.8 192 75.1
Picture 5/25/2004 whole 6.6 156 56.8
Picture 7/5/2004 whole 12.3 148 2 34
Picture 7/25/2004 whole 14.3 193 13.5
Railroad 8/4/2002 whole 9.7 194 34.3
Railroad 10/19/2002 whole 8.0 37.0
Railroad 1/28/2003 whole 7.5 235 62.3
Railroad 3/16/2003 whole 5 5 207 80.0
Railroad 3/19/2003 whole 4.0 207 77.7
Railroad 4/15/2003 whole 3.9 205 77.2
Railroad 5/30/2003 whole 5.2 65.5
Railroad 8/7/2003 whole 9.2 246 42.6
Railroad 8/30/2003 whole 9.3 223 382
Railroad 11/9/2003 whole 8.9 262 35.4
Railroad 2/10/2004 1.3 6 4 193 63.0
Railroad 4/5/2004 whole 4 250 78.7
Railroad 5/25/2004 whole 6.9 276 49.9
Railroad 7/25/2004 whole 8.8 225 41 1
River 9/18/2002 10.9 175
River 10/9/2002 7.0 183
River 10/9/2002 8.7 184
River 2/2/2003 2.4 199 85.9
River 2/10/2003 2.2 186 86.1
River 2/10/2003 1.9 203 89.3
River 3/11/2003 1.2 198 84.8
River 3/11/2003 1.5 198 81.0
River 3/19/2003 2.6 203 93
River 3/19/2003 4.0 205 88.9
River 3/28/2003 3.1 178 83.5
River 4/14/2003 3.5 148 86.9
River 4/14/2003 4 0 148 87.4
River 5/3/2003 6.9 151 884
River 5/29/2003 8.4 93.8
River 7/8/2003 11.5 118
River 7/8/2003 10.0 121 86.4
River 8/6/2003 12.6 84.1
S ite N am e Date IN T Temp SpC D O %
River 8/12/2003 13.7 184 84.3
River 8/12/2003 15 4 191 87.7
River 8/23/2003 899
River 8/24/2003 86.6
River 8/30/2003 112 207 85.4
River 8/31/2003 12 7 197 83.3
River 8/31/2003 114 207 90
River 9/1/2003 10.2 197 81.7
River 9/1/2003 10.5 198 70.3
River 11/14/2003 3.6 222 87.9
River 12/4/2003 13 226 83.9
River 12/4/2003 0.0 228 87.6
River 2/10/2004 0.1 184 70.0
River 2/22/2004 2.9 181 89.6
River 4/8/2004 3.9 162 91 0
River 4/13/2004 5.2 138 93.5
River 5/27/2004 7.6 130 92.2
River 5/27/2004 6.5 133 94
River 7/5/2004 12 1 124 89.3
River 7/5/2004 110 125 92.7
River 7/5/2004 11.7 126 87.1
River 7/10/2004 13.7 152 88.9
Sap 3 2/22/2004 whole 4.5 319
Sap 3 4/9/2004 whole 3.6 380 54.4
Sap 3 7/27/2004 whole 8.3 304 16.9
SG - BC @  
Wally
4/7/2004 5 6 168 75
S G -
Cascadilla
2/23/2004 1.2 187 92 1
S G -
Cascadilla
3/30/2004 6.5 152 94
S G -
Cascadilla
4/6/2004 6.1 165 95 2
S G -
Cascadilla
4/12/2004 5 143 94.9
S G -
Cascadilla
4/12/2004 5 143 94.9
S G -
Cascadilla
4/20/2004 5 151 92.7
S G -
Cascadilla
4/27/2004 7.1 134 95.4
S G -
Cascadilla
5/5/2004 5.8 123 91.6
S G -
Cascadilla
5/10/2004 6 134 91,8
S G -
Cascadilla
5/18/2004 7.7 140 90.9
S G -
Cascadilla
5/24/2004 6.6 149 92.1
S G -
Cascadilla
5/24/2004 6.6 149 92.1
S G -
Cascadilla
6/8/2004 6.3 134 90.4
S G -
Cascadilla
7/14/2004 14.2 160 97.8
S G -
Cascadilla
8/4/2004 14 6 171 96.7
S G -
Cascadilla
8/18/2004 144 157 903
S G - 8/26/2004 9.4 141 85 4
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Cascadilla
S G -
Cascadilla
9/1/2004 113 149 79.3
S G -
Cascadilla
9/16/2004 8,2 162 83
S G -
Cascadilla
9/29/2004 8 4 170 90.8
S G -
Cascadilla
10/14/2004 7.8 181 90.9
S G -
Harrison
Creek
2/23/2004 0.1 92 93.3
S G -
Harrison
Creek
6/13/2004 10.6 86 68.9
S G -
Harrison
Creek
8/3/2004 19.2 63 88.7
SG - Nyack 
05
2/24/2004 1.6 182 88.1
SG - Nyack
05
4/10/2004 3.3 170 87.0
SG - Nyack 
05
7/5/2004 11.7 127 86.3
SG - Nyack 
Creek
2/23/2004 2.2 171 81.3
SG - Nyack 
Creek
6/13/2004 6 115 90.2
SG - Ousel 2/23/2004 3.5 181 89.7
SG - Ousel 3/30/2004 7.1 155 97.7
SG - Ousel 4/6/2004 6.5 167 95.4
SG - Ousel 4/12/2004 6.8 143 93 4
SG - Ousel 4/12/2004 6.8 143 93.4
SG - Ousel 4/20/2004 5.7 150 91.6
SG - Ousel 4/27/2004 7.5 136 96.3
SG - Ousel 5/5/2004 6.2 123 90.4
SG - Ousel 5/10/2004 6.7 136 9 09
SG - Ousel 5/18/2004 8.8 140 92
SG - Ousel 5/24/2004 7.1 131 92.6
SG - Ousel 5/24/2004 7.1 139 92.6
SG - Ousel 6/8/2004 7.1 133 89.6
SG - Ousel 7/14/2004 13.5 156 95.2
SG - Ousel 8/4/2004 15 161 95
SG - Ousel 8/4/2004 15 161 95
SG - Ousel 8/18/2004 14.9 146 892
SG - Ousel 8/26/2004 9.8 122 90.9
SG - Ousel 9/1/2004 11.4 140 81
SG - Ousel 9/16/2004 8.5 149 91.5
SG - Ousel 9/29/2004 8 8 165 94.2
SG - Ousel 10/14/2004 8.5 176 91 6
S G -
Rescue
Creek
4/12/2004 5.3 115 89 5
S G -
Rescue
Creek
5/24/2004 5.3 115 89 5
S G -
Rescue
Creek
8/3/2004 114 180 90 8
Sgt. EasI 7/10/2003 whole 10 24 1
Sgt. East 8/7/2003 whole 10.7 277 21.7
S ite N am e Date IN T Temp SpC D O %
Sgt East 8/30/2003 whole 10.3 276 218
Sgt. East 11/6/2003 whole 8 2 295 15 8
Sgt. East 2/22/2004 whole 4.3 293 38.2
Sgt. East 4/8/2004 whole 4.3 236 6 62
Sgt. East 5/29/2004 whole 6 5 281 30.3
Sgt.
Medium
7/10/2003 whole 6 5 14
Sgt North 8/4/2002 whole 8 8 246 16.7
Sgt. North 10/8/2002 whole 9.3 250
Sgt. North 1/31/2003 whole 4.5 240 53.2
Sgt. North 3/11/2003 whole 4.2 233 39.6
Sgt. North 3/18/2003 whole 3.9 234 52.7
Sgt. North 3/27/2003 whole 3.9 225 46.3
Sgt. North 4/15/2003 whole 4.2 235 47.3
Sgt. North 5/29/2003 whole 6.0 39.3
Sgt. North 7/10/2003 whole 8.5 31.7
Sgt. North 8/7/2003 whole 9.4 280 16.2
Sgt North 8/30/2003 whole 9.2 279 14.9
Sgt. North 11/6/2003 whole 8.0 289 11.3
Sgt. North 2/22/2004 whole 4 3 293 382
Sgt. North 2/22/2004 whole 5.3 285 35.7
Sgt. North 4/9/2004 whole 4.5 286 44.5
Sgt. North 5/29/2004 whole 5.7 299 23.5
Sgt. North 7/10/2004 whole 8.6 257 15.4
Sgt. North 7/26/2004 whole 8.7 270 14 1
Sgt.
Shallow
7/10/2003 whole 7 20
Sgt. South 8/4/2002 whole 7.7 264 13.7
Sgt. South 10/8/2002 whole 9 0 257
Sgt. South 1/31/2003 whole 5.6 253 25.6
Sgt. South 3/11/2003 whole 4 4 244 3 08
Sgt. South 3/18/2003 whole 4 6 251 35,8
Sgt. South 3/27/2003 whole 4.3 259 31 7
Sgt. South 4/15/2003 whole 4.5 263 35,3
Sgt. South 5/29/2003 whole 5.4 32.4
Sgt. South 7/10/2003 whole 7.2 184
Sgt. South 8/7/2003 whole 8 8 282 20.0
Sgt. South 8/30/2003 whole 9 1 278 17 7
Sgt. South 11/6/2003 whole 8.2 288 14.1
Spruce
Swale
1/31/2002 whole 4.7 226 41,6
Spruce
Swale
10/28/2002 whole 8.3 209 34,4
Spruce
Swale
3/18/2003 whole 3.8 233 36.2
Spruce
Swale
4/15/2003 whole 3.7 268 28.4
Spruce
Swale
5/29/2003 whole 6.3 44.6
Spruce
Swale
8/8/2003 whole 10.0 246 60 5
Spruce
Swale
11/9/2003 whole 8.3 219 49.4
Stump 10/20/2002 whole 7.4 212 48 2
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Sife_Name Date IN T Tem p SpC D O %
Stump 1/31/2003 whole 5.1 239 41.4
Stump 3/18/2003 whole 4,6 245 38.9
Stump 3/27/2003 whole 4.7 222 36.3
Stump 4/14/2003 whole 4.5 238 41.5
Stump 5/29/2003 whole 6 1 46.2
Stump 8/12/2003 whole 7.4 251 56.3
Stump 9/2/2003 whole 8.2 248 49.4
Stump 11/6/2003 whole 6.9 243 40 1
Stump 11/6/2003 whole 48.7
Tadpole A 8/12/2003 whole 16.5 376 12.1
Tadpole A 8/23/2003 whole
Tadpole A 8/31/2003 whole 16.2 255 15.9
Tadpole A 12/4/2003 whole 2.1 341 27.5
Tadpole A 2/18/2004 whole 1.2 275 70.1
Tadpole A 4/8/2004 whole 3.4 322 49.0
Tadpole A 5/27/2004 whole 7.1 173 47.4
Tadpole A 7/10/2004 whole 12.7 186 2 92
Tadpole A 7/27/2004 whole 15.6 267 4.6
Tadpole B 8/12/2003 whole 11.9 299 51 1
Tadpole B 8/31/2003 whole 13.1 236 38.2
Tadpole B 11/10/2003 whole 6.2 263 47.3
Tadpole B 2/22/2004 whole 3.1 244 74.3
Tadpole B 4/8/2004 whole 4.0 254 65.2
Tadpole B 5/27/2004 whole 5.6 275 42.0
Tadpole B 7/10/2004 whole 8.6 214 37.5
Tadpole B 7/26/2004 whole 9.6 222 39.8
Tinhorn 8/4/2002 whole 8.4 326 19.9
Tinhorn 10/20/2002 whole 10.3 286 37.6
Tinhorn 1/31/2003 whole 4.8 275 21.4
Tinhorn 3/11/2003 whole 3.3 303 14.7
Tinhorn 3/19/2003 whole 3.2 268 9.5
Tinhorn 3/27/2003 whole 3.4 299 15.3
Tinhorn 4/14/2003 whole 3.8 300 24 0
Tinhorn 5/29/2003 whole 7.2 17.4
Tinhorn 7/10/2003 whole 7.7 32.5
Tinhorn 8/7/2003 whole 8.9 315 44.0
Tinhorn 8/24/2003 whole 45.1
Tinhorn 9/4/2003 whole 9.1 302 45.7
Tinhorn 11/6/2003 whole 8 1 298 47.4
Tinhorn 2/18/2004 whole 4.9 290 2 96
Tinhorn 4/9/2004 whole 4.4 320 26.2
Tinhorn 5/28/2004 whole 5.4 315 33.2
Tinhorn 7/26/2004 whole 7.8 295 37.2
Tom's
Springbroo
k
8/12/2003 5.5 209 5 80
Tom's
Springbroo
k
8/30/2003 6.4 217 40.0
Tom's 12/14/2003 9.8 244 62.3
Site Name Date IN T Temp SpC D O %
Springbroo
k
Tom's
Springbroo
k
2/23/2004 7.8 179 72.8
Tom's
Springbroo
k
4/12/2004 1.8 192 70.7
Tom's
Spnngbroo
k
5/28/2004 3.8 185 79.3
Tom's
Springbroo
k
8/3/2004 6.3 204 58.8
Trey
Medium
7/10/2003 whole 6.1 52
Trey
Shallow
7/10/2003 whole 6.6 52
Twin
Crossing
8/8/2003 whole 7.6 195 51.3
Twin
Crossing
9/2/2003 whole 10.2 207 41.8
Twin
Crossing
2/24/2004 2.0 2.8 180 82.8
Twin
Crossing
2/24/2004 2.0 2.7 181 83.0
Twin
Crossing
4/10/2004 whole 1.5 234 74.6
Twin
Crossing
4/10/2004 whole 1.6 234 74.6
Twin
Crossing
5/26/2004 whole 4 4 190 63
Twin
Crossing
7/5/2004 whole 7.7 159 6 08
Twin
Crossing
7/25/2004 whole 6 8 188 57.5
Twin Spr 
Well
11/8/2003 whole 9.8 230 47.1
Twin Spr 
Well
11/10/2003 whole 9.4 244 47.2
Twin Spr 
Well
2/18/2004 whole 4.7 192 61.9
Twin Spr 
Well
2/21/2004 whole 5.4 177 81 6
Twin Spr 
Well
4/10/2004 whole 4.7 225 85
Twin Spr 
Well
4/11/2004 whole 4 6 258 43.3
Twin Spr 
Well
5/30/2004 whole 5.1 298 30.7
Twin Spr 
Well
5/30/2004 whole 4.5 177 76
Twin Spr 
Well
5/30/2004 whole 7.2 204 74.3
Twin Spr 
Well
7/10/2004 whole 7.3 243 26.5
Twin Spr 
Well
7/27/2004 whole 7.1 234 32.6
Twin Spr 
Well
7/28/2004 whole 5 9 184 64.9
Twin
Spring
Brook
8/7/2003 6 7 194 53.9
Twin
Spring
Brook
8/23/2003 51 0
Twin
Spring
Brook
8/31/2003 8.5 198 47.2
Twin
Spring
Brook
11/8/2003 9.8 239 46.8
Twin
Spring
Brook
4/10/2004 5.1 242 82.6
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Site Name Date IN T Temp SpC D O %
Twin
Spring
Brook
7/5/2004 6.5 157 63.2
Twin
Spring
Brook
7/28/2004 9.7 198 51.2
Wally A 8/22/2002 whole 11.4 146 81 2
Wally A 10/9/2002 whole 7.4 182 85.8
Wally A 12/13/2002 whole 3.2 187 74.6
Wally A 2/2/2003 whole 2.2 199 82.8
Wally A 2/10/2003 whole 1.4 187 84.5
Wally A 3/11/2003 whole 1.3 187 81.5
Wally A 3/19/2003 whole 3.2 205 90.9
Wally A 3/28/2003 whole 2.8 177 49.7
Wally A 4/14/2003 Wiole 3.8 155 79.1
Wally A 5/3/2003 whole 6.4 152 85.5
Wally A 5/3/2003 whole 5.9 158 91.2
Wally B 8/22/2002 whole 12.0 149 82.6
Wally B 10/9/2002 whole 7.5 184 83.8
Wally B 12/13/2002 whole 2.4 191
Wally B 2/2/2003 whole 1.2 175 72.4
Wally B 2/10/2003 whole 1.8 198 83.2
W ally B 3/11/2003 whole 1.0 198 78.7
Wally B 3/19/2003 whole 1.8 201 81 4
Wally B 3/28/2003 whole 1.1 195 68.1
Wally B 4/14/2003 whole 4.0 70.2
Wally B 5/29/2003 whole 8.6 83.0
Wally B 7/7/2003 whole 12.0 118 69.1
Wally B 7/10/2003 whole 13.1 118 69.1
Wally B 8/6/2003 whole 14.4 184 7 88
Wally B 9/1/2003 whole 10.7 197 76.8
Wally B 11/7/2003 whole 1.0 230 89.8
Wally B 11/7/2003 whole 1 230 89.8
Wally B 2/18/2004 whole 1.4 175 79.8
Wally B 4/11/2004 whole 5 167 88.8
Wally B 5/30/2004 whole 6.8 134 84.8
Wally B 7/5/2004 whole 13.0 146 55.5
Wally B 7/28/2004 whole 15 176 78.5
Wally C 8/22/2002 whole 12.7 161 64.5
Wally C 10/9/2002 whole 8 1 188 71 4
Wally C 12/13/2002 whole 18
Wally C 2/2/2003 whole 1.2 198 72.8
Wally C 2/10/2003 whole 198 80 0
Wally C 3/11/2003 whole 0.8 175 74.3
Wally C 3/19/2003 whole 1.2 204 81.3
Wally C 3/28/2003 whole 18 202 67.5
Wally C 4/14/2003 whole 2.8 227 71.5
Wally C 5/3/2003 whole 5 8 187 73.5
W ally C 5/29/2003 whole 9.6 63,3
Wally C 7/7/2003 whole 139 137 58.5
S iteN am e Date IN T Temp SpC D O %
Wally C 7/10/2003 whole 132 137 58.5
Wally C 8/6/2003 whole 15.7 193 59.4
Wally C 9/1/2003 whole 13 9 211 57.4
Wally C 9/20/2003 whole 9.9 216 67.5
Wally C 11/7/2003 whole 2.9 221 80.7
Wally C 11/7/2003 whole 2 9 221 80.7
Wally C 2/18/2004 whole 0.3 181 74.6
Wally C 4/20/2004 whole 5.2 193 72.4
Wally C 4/27/2004 whole 8 169 77 7
Wally C 5/5/2004 whole 8.1 157 74 8
Wally C 5/18/2004 whole 8 173 71.9
Wally C 5/25/2004 whole 8.8 194 73
Wally C 5/25/2004 whole 8.8 194 73
Wally C 6/8/2004 whole 10 253 66.4
Wally C 7/5/2004 whole 12.8 180 55.4
Wally C 7/14/2004 whole 14 202 55.4
Wally C 7/28/2004 whole 16.1 207 52.7
Wally C 8/4/2004 whole 16.8 208 56.1
Wally C 8/18/2004 whole 16.9 187 53.5
Wally C 9/1/2004 whole 16.1 203 53.4
Wally C 9/16/2004 whole 13 223 53.6
Wally C 9/29/2004 whole 12.2 247 59.1
Wally C 10/14/2004 whole 10.6 226 65.7
Wally D 8/22/2002 whole 11.9 241 9.4
Wally D 8/25/2002 whole 11.9 243 8.8
Wally D 10/9/2002 whole 9.6 288 104
Wally D 12/13/2002 whole 4.8 290 9.2
Wally D 2/2/2003 whole 3.3 294 11.8
Wally D 2/10/2003 whole 3.7 291 5.5
Wally D 3/11/2003 whole 3.3 309 7.7
Wally D 3/19/2003 whole 3.1 298 12.3
Wally D 3/28/2003 whole 2.8 306 10.6
Wally D 4/14/2003 whole 2.8 15.4
Wally D 5/3/2003 whole 4.9 371 9.7
Wally D 5/3/2003 whole 5.1 374 21.3
Wally D 5/29/2003 whole 6.1 66.8
Wally D 7/7/2003 whole 100 164 4.5
Wally D 7/10/2003 whole 10 164 11.6
Wally D 8/6/2003 whole 12.0 300 7.0
Wally D 9/1/2003 whole 9.9 244 2,7
Wally D 9/20/2003 whole 9.5 277 189
Wally D 11/7/2003 whole 6.9 310 5 9
Wally D 11/7/2003 whole 6.9 310 5 9
Wally D 2/18/2004 whole 4 5 326 6 8
Wally D 4/11/2004 whole 4.2 418 24,1
Wally D 5/30/2004 whole 7.6 386 4 6
Wally D 7/8/2004 whole 10.6 383 6.2
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Site Name Date IN T Temp SpC D O %
Wally D 7/28/2004 whole 109 307 4
Wally E 8/22/2002 whole 8.9 174 26.0
Wally E 8/25/2002 whole 8.4 172 28.9
Wally E 10/9/2002 whole 7.4 217 30.4
Wally E 12/13/2002 whole 5.8 212 31.5
Wally E 2/2/2003 whole 5.3 234 36.8
Wally E 2/10/2003 whole 5.3 219 36 1
Wally E 3/11/2003 whole 5.2 215 42.9
Wally E 3/19/2003 whole 5.3 238 42.2
Wally E 3/28/2003 whole 5.1 244 37.5
Wally E 4/14/2003 whole 5.2 37.4
Wally E 5/3/2003 whole 6 1 241 52.3
W illy  E 5/3/2003 whole 5.8 242 47.8
Wally E 5/29/2003 whole 6.3 61.1
Wally E 7/7/2003 whole 9.3 171 40.2
Wally E 7/10/2003 whole 9.3 171 40.2
Wally E 9/20/2003 whole 7.1 234 36.9
Wally E 11/8/2003 whole 7.1 251 22.8
Wally E 
RepI
9/1/2003 whole 7.8 247 37,8
Wally E 
Repl
11/8/2003 whole 251 22.8
Wally E 
Repl
2/18/2004 whole 5.7 199 39.9
Wally E 
Repl
4/11/2004 whole 5 299 44
Wally E 
Repl
5/30/2004 whole 6.1 274 30.3
Wally E 
Repl
7/8/2004 whole 6.7 273 31.5
Wally E 
Repl
7/28/2004 whole 6.1 248 40.6
Wally F 8/22/2002 whole 10.3 224 12.5
Wally F 8/25/2002 whole 9.7 228 26.6
Wally F 10/9/2002 whole 8.0 264 11.2
Wally F 12/13/2002 whole 3.3 258 10.2
Wally F 2/2/2003 whole 3.0 251 25.8
Wally F 2/10/2003 v^ole 3.8 253 26.0
Wally F 3/11/2003 whole 3.0 259 27.2
Wally F 3/19/2003 whole 3.1 260 31.7
Wally F 3/28/2003 whole 3.7 261 29.9
Wally F 4/14/2003 whole 4.9 37.4
Wally G 8/22/2002 whole 111 216 14.8
Wally G 8/25/2002 whole 11.3 219 16 1
Wally G 10/9/2002 whole 8.0 259 14.4
Wally G 12/13/2002 whole 3.9 239 20.4
Wally G 2/2/2003 whole 2.9 249 32.7
Wally G 2/10/2003 whole 3.5 246 3 16
Wally G 3/11/2003 whole 3.0 254 32.9
Wally G 3/19/2003 whole 3.1 250 40.9
Wally G 3/28/2003 whole 3.4 252 37.1
S iteN am e Date IN T Temp SpC D O %
Wally G 4/14/2003 whole 5,0 42.8
Wally G 5/3/2003 whole 7.0 278 38,1
Wally G 5/3/2003 whole 7.3 281 42.4
Wally G 5/29/2003 whole 7.4 50,2
Wally G 7/7/2003 whole 9.6 210 24.5
Wally G 7/10/2003 whole 10.4 210 24.5
Wally G 8/6/2003 whole 12.3 294 14.2
Wally G 9/1/2003 whole 10.5 257 28.7
Wally G 9/20/2003 whole 9 1 285 14.9
Wally G 11/8/2003 whole 283 15.9
Wally G 11/8/2003 whole 4.9 283 15.9
Wally G 2/18/2004 whole 3,2 283 31.9
Wally G 4/11/2004 whole 5.4 294 46
Wally G 5/30/2004 whole 5.9 286 47
Wally G 7/8/2004 whole 9 8 294 24,3
Wally G 7/28/2004 whole 11.8 282 15.4
Wally
Springbroo
k
2/2/2003 3.9 232 41.3
Wally
Springbroo
k
3/11/2003 5.4 225 52.9
Wally
Springbroo
k
3/19/2003 4.5 249 48.0
Wally
Springbroo
k
3/28/2003 4,2 254 49.8
Wally
Springbroo
k
4/15/2003 4.2 166 85.7
Wally
Springbroo
k
5/3/2003 6.1 272 40.7
Wally
Springbroo
k
7/8/2003 10.8 202 34.8
Wally
Springbroo
k
7/10/2003 10.8 202 34.8
Wally
Springbroo
k
8/6/2003 10.4 274 27.6
Wally
Springbroo
k
9/1/2003 10.7 273 13,2
Wally
Springbroo
k
2/22/2004 4.2 274 44.4
Wally
Springbroo
k
4/11/2004 4.7 282 53,3
Wally
Springbroo
k
5/30/2004 7.5 278 41.2
Wally
Springbroo
k
7/10/2004 8.8 296 24,5
Wally
Springbroo
k
7/28/2004 9,9 242 29.5
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Appendix M -  Water Levels 
Wells, piezometers and staff 
gages
WL = water level (depth to water 
for wells and piezometers or 
water level for staff gages), 
meters
INT = interval of measurement, 
meters below top of casing.
Site Name Date
W L
(m)
IN T
(m)
Bedrock A 8/12/2003 0,215 whole
Bedrock A 8/31/2003 0.303 whole
Bedrock A 10/11/2003 0.345 whole
Bedrock A 11/18/2003 0.307 whole
Bedrock A 12/4/2003 0.312 whole
Bedrock A 2/13/2004 0.347 whole
Bedrock A 2/23/2004 0.415 whole
Bedrock A 4/13/2004 0.692 whole
Bedrock A 4/18/2004 0.353 whole
Bedrock A 4/30/2004 0.808 whole
Bedrock A 5/27/2004 0.502 whole
Bedrock A 6/21/2004 0.670 whole
Bedrock A 6/21/2004 0.670 whole
Bedrock A 7/5/2004 0.830 whole
Bedrock A 7/21/2004 1.353 whole
Bedrock A 7/27/2004 0.367 whole
Bedrock A 8/20/2004 0.534 whole
Bedrock B 8/12/2003 0.672 whole
Bedrock B 8/31/2003 0.757 whole
Bedrock B 10/11/2003 0.817 whole
Bedrock B 11/14/2003 0.758 whole
Bedrock B 2/13/2004 0 834 whole
Bedrock B 2/23/2004 0.853 whole
Bedrock B 3/28/2004 0.394 whole
Bedrock B 4/13/2004 0.255 whole
Bedrock B 4/18/2004 0.048 whole
Bedrock B 4/30/2004 0.293 whole
Bedrock B 5/27/2004 0.498 whole
Bedrock B 6/21/2004 0.298 whole
Bedrock B 6/21/2004 0.298 whole
Bedrock B 7/5/2004 0.257 whole
Bedrock B 7/21/2004 0.514 whole
Bedrock B 7/27/2004 0.633 whole
Site Name Date
W L
(m)
IN T
(m)
Bedrock B 8/20/2004 0.744 whole
Bedrock C 8/12/2003 0.541 whole
Bedrock C 8/31/2003 0.628 whole
Bedrock C 10/11/2003 0694 whole
Bedrock C 11/14/2003 0618 whole
Bedrock C 2/13/2004 0.707 whole
Bedrock C 3/28/2004 0.262 whole
Bedrock C 4/13/2004 0.978 whole
Bedrock C 4/18/2004 0 31 6 whole
Bedrock C 4/30/2004 0658 whole
Bedrock C 5/27/2004 0355 whole
Bedrock C 6/21/2004 0 158 whole
Bedrock C 6/21/2004 0 158 whole
Bedrock C 7/21/2004 0.357 whole
Bedrock C 7/27/2004 0.476 whole
Bedrock C 8/20/2004 0.579 whole
Cabin Well 7/9/2003 1.495 whole
Cabin Well 5/5/2004 1.157 whole
Cabin Well 8/13/2004 1 534 whole
Charlie Brown 10/28/2002 1.530 whole
Charlie Brown 1/28/2003 1 427 whole
Charlie Brown 2/2/2003 1.273 whole
Charlie Brown 2/6/2003 1.340 whole
Charlie Brown 3/16/2003 1.222 whole
Charlie Brown 3/22/2003 1.184 whole
Charlie Brown 4/15/2003 0.696 whole
Charlie Brown 4/27/2003 0.579 whole
Charlie Brown 5/27/2003 -0.030 whole
Charlie Brown 5/30/2003 0.130 whole
Charlie Brown 7/11/2003 0.945 whole
Charlie Brown 7/23/2003 1.030 whole
Charlie Brown 8/7/2003 1.143 whole
Charlie Brown 8/30/2003 1.242 whole
Charlie Brown 10/9/2003 1.375 whole
Charlie Brown 11/9/2003 1.422 whole
Charlie Brown 2/8/2004 1.315 2.00
Charlie Brown 2/10/2004 1 329 whole
Charlie Brown 3/19/2004 1 144 whole
Charlie Brown 4/5/2004 0.876 whole
Charlie Brown 4/5/2004 1 876 whole
Charlie Brown 4/28/2004 0 538 whole
Charlie Brown 4/29/2004 0.554 whole
Charlie Brown 5/3/2004 0 518 whole
Charlie Brown 6/22/2004 0.797 whole
Charlie Brown 6/24/2004 0.797 whole
Charlie Brown 7/15/2004 0.978 whole
Charlie Brown 7/19/2004 1 013 whole
Charlie Brown 8/12/2004 1 235 whole
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Site Name Date
W L
(m )
IN T
(m)
Charlie Brown 8/19/2004 1.274 whole
Chris A 10/18/2002 1,270 whole
Chris A 2/14/2003 1,291 whole
Chris A 3/19/2003 1,216 whole
Chris A 3/23/2003 1 136 whole
Chris A 3/28/2003 1,210 whole
Chris A 4/14/2003 0,984 whole
Chris A 7/10/2003 0,853 whole
Chris A 7/23/2003 0,910 whole
Chris A 10/10/2003 0,995 whole
Chris A 11/10/2003 0,977 whole
Chris A 4/7/2004 0,625 whole
Chris A 6/23/2004 0,665 whole
Chris A 8/12/2004 0,970 whole
Chris B 6/29/2003 0.904 whole
Chris B 7/10/2003 1.003 whole
Chris B 7/10/2003 1.003 whole
Chris B 8/6/2003 1,099 whole
Chris B 9/1/2003 1.166 whole
Chris B 10/10/2003 1.172 whole
Chris B 11/10/2003 1,152 whole
Chris B 2/12/2004 1,167 whole
Chris B 3/28/2004 0,980 whole
Chris B 4/7/2004 0 796 whole
Chris B 4/11/2004 0,853 whole
Chris B 4/11/2004 0,853 whole
Chris B 5/1/2004 0,787 whole
Chris B 5/29/2004 0,743 whole
Chris B 6/23/2004 0847 whole
Chris B 7/23/2004 1,045 whole
Chris B 7/27/2004 1,087 whole
Chris B 8/12/2004 1,143 whole
Chris B 8/25/2004 1,054 whole
Control A 9/18/2002 1,942 whole
Control A 10/9/2002 1,974 whole
Control A 12/14/2002 2,036 whole
Control A 2/2/2003 1,850 whole
Control A 2/10/2003 1,960 whole
Control A 3/11/2003 1996 whole
Control A 3/19/2003 1,873 whole
Control A 3/28/2003 1 850 whole
Control A 4/12/2003 1,616 whole
Control A 4/14/2003 1,421 whole
Control A 5/27/2003 0,957 whole
Control A 5/29/2003 0,939 whole
Control A 6/12/2003 1,405 whole
Control A 6/25/2003 1,698 whole
Control A 7/7/2003 0,788 whole
Site Name Date
W L
(m)
IN T
(m)
Control A 7/10/2003 1,790 whole
Control A 8/6/2003 1,966 whole
Control A 9/1/2003 2.063 whole
Control A 9/12/2003 2.018 whole
Control A 10/10/2003 2,095 whole
Control A 10/17/2003 2,082 whole
Control A 11/7/2003 2,065 whole
Control A 12/13/2003 2,075 whole
Control A 2/21/2004 2,077 whole
Control A 4/11/2004 1.57 whole
Control A 4/11/2004 1.577 whole
Control A 5/3/2004 1.318 whole
Control A 5/10/2004 1,372 whole
Control A 5/30/2004 1,445 whole
Control A 6/23/2004 1,565 whole
Control A 7/19/2004 1,882 whole
Control A 7/28/2004 1,916 whole
Control A 8/10/2004 1,988 whole
Control B 9/18/2002 1.948 whole
Control B 10/9/2002 1,983 whole
Control B 12/14/2002 2,040 whole
Control B 2/2/2003 1,842 whole
Control B 2/10/2003 1,947 whole
Control B 3/11/2003 1,992 whole
Control B 3/19/2003 1,872 whole
Control B 3/28/2003 1,850 whole
Control B 4/14/2003 1,435 whole
Control B 5/27/2003 0,988 whole
Control B 5/29/2003 0,979 whole
Control B 6/12/2003 1,415 whole
Control B 7/7/2003 0,793 whole
Control B 7/10/2003 1.713 whole
Control B 8/6/2003 1 964 whole
Control B 9/1/2003 2,051 whole
Control B 10/10/2003 2,075 whole
Control B 11/7/2003 2,046 whole
Control B 2/21/2004 2.069 whole
Control B 4/11/2004 1,575 whole
Control B 4/11/2004 1,575 whole
Control B 5/3/2004 I 342 whole
Control B 5/10/2004 1,392 whole
Control B 5/30/2004 1,449 whole
Control B 6/2/2004 1,544 whole
Control B 6/23/2004 1,580 whole
Control B 7/19/2004 1,819 whole
Control B 7/28/2004 1,917 whole
Control B 8/10/2004 1,988 whole
Control C 9/18/2002 2,164 whole
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Site Name Date
W L
(m )
IN T
(m)
Control C 10/9/2002 2,189 whole
Control C 12/14/2002 2.234 whole
Control C 2/2/2003 2.068 whole
Control C 2/10/2003 2 169 whole
Control C 3/11/2003 2.195 whole
Control C 3/19/2003 2.094 whole
Control C 3/28/2003 2.070 whole
Control C 4/14/2003 1.690 whole
Control C 4/27/2003 1.616 whole
Control C 5/27/2003 1.232 whole
Control C 5/29/2003 1.226 whole
Control C 6/12/2003 1.625 whole
Control C 7/10/2003 2.025 whole
Control C 7/10/2003 2.025 whole
Control C 8/6/2003 2.179 whole
Control C 8/6/2003 2.180 whole
Control C 9/1/2003 2.264 whole
Control C 10/10/2003 2.287 whole
Control C 11/7/2003 2.262 whole
Control C 2/21/2004 2.269 whole
Control C 4/11/2004 1.797 whole
Control C 4/11/2004 1.797 whole
Control C 5/3/2004 1.581 whole
Control C 5/10/2004 1 617 whole
Control C 5/30/2004 1 68 whole
Control C 6/2/2004 1.763 whole
Control C 6/23/2004 1.797 whole
Control C 7/19/2004 2.036 whole
Control C 7/28/2004 2.128 whole
Control C 8/10/2004 2 198 whole
Control D 9/18/2002 1.742 whole
Control D 10/9/2002 1.765 whole
Control D 12/14/2002 1.795 whole
Control D 2/2/2003 1.646 whole
Control D 2/10/2003 1.739 whole
Control D 3/11/2003 1.750 whole
Control D 3/19/2003 1.663 whole
Control D 3/28/2003 1.640 whole
Control D 4/14/2003 1.313 whole
Control D 5/27/2003 0.838 whole
Control D 5/29/2003 0.847 whole
Control D 6/12/2003 1.265 whole
Control D 7/10/2003 1.597 whole
Control D 7/10/2003 1.597 whole
Control D 8/6/2003 1.736 whole
Control D 9/1/2003 1.805 whole
Control D 10/10/2003 1.817 whole
Control D 10/17/2003 1.802 whole
Site Name Date
W L
(m)
IN T
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Control D 11/7/2003 1.793 whole
Control D 2/21/2004 1 802 whole
Control D 4/11/2004 1.375 whole
Control D 4/11/2004 1.375 whole
Control D 5/3/2004 1.201 whole
Control D 5/10/2004 1.204 whole
Control D 5/30/2004 1.276 whole
Control D 6/23/2004 1.385 whole
Control D 7/19/2004 1.597 whole
Control D 7/28/2004 1.684 whole
Control D 8/10/2004 1.753 whole
Control E 10/9/2002 1.919 whole
Control E 12/14/2002 1.962 whole
Control E 2/2/2003 1.829 whole
Control E 2/10/2003 1.909 whole
Control E 3/11/2003 1.913 whole
Control E 3/19/2003 1 834 whole
Control E 3/28/2003 1.810 whole
Control E 4/12/2003 1.646 whole
Control E 4/14/2003 1.472 whole
Control E 5/27/2003 1.030 whole
Control E 5/29/2003 1.115 whole
Control E 6/25/2003 1.747 whole
Control E 7/10/2003 1.870 whole
Control E 7/10/2003 1.870 whole
Control E 8/6/2003 2.010 whole
Control E 9/1/2003 2.069 whole
Control E 9/12/2003 2.034 whole
Control E 10/10/2003 2.075 whole
Control E 11/7/2003 2.052 whole
Control E 12/13/2003 2.055 whole
Control E 5/3/2004 1 475 whole
Control E 6/23/2004 1 650 whole
Control E 8/10/2004 2.027 whole
Crazy Beaver A 11/14/2003 0.847 whole
Crazy Beaver A 2/13/2004 1 669 whole
Crazy Beaver A 2/16/2004 1 669 whole
Crazy Beaver A 4/8/2004 0 724 2.00
Crazy Beaver A 4/30/2004 0695 whole
Crazy Beaver A 5/15/2004 0.940 whole
Crazy Beaver A 5/27/2004 0.726 whole
Crazy Beaver A 6/21/2004 0.974 whole
Crazy Beaver A 6/21/2004 0.974 whole
Crazy Beaver A 7/23/2004 1.309 whole
Crazy Beaver A 7/27/2004 1 368 whole
Crazy Beaver A 8/15/2004 2.514 whole
Crazy Beaver B 11/14/2003 1.421 whole
Crazy Beaver B 4/30/2004 0.446 whole
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Crazy Beaver B 5/15/2004 0.630 whole
Crazy Beaver B 7/23/2004 0.936 whole
Crazy Beaver B 7/27/2004 0 99 whole
Crazy Beaver B 8/15/2004 1.115 whole
Crazy Beaver C 11/14/2003 0.614 whole
Crazy Beaver C 2/13/2004 0.669 whole
Crazy Beaver C 2/16/2004 066 9 whole
Crazy Beaver C 4/8/2004 0.627 whole
Crazy Beaver C 4/30/2004 0265 whole
Crazy Beaver C 5/15/2004 0.352 whole
Crazy Beaver C 5/27/2004 0.270 whole
Crazy Beaver C 6/21/2004 0.356 whole
Crazy Beaver C 6/21/2004 0.356 whole
Crazy Beaver C 7/23/2004 0.469 whole
Crazy Beaver C 8/15/2004 0.578 whole
Crazy Beaver D 7/10/2003 1.069 whole
Crazy Beaver D 7/10/2003 1.070 whole
Crazy Beaver D 8/6/2003 1.204 whole
Crazy Beaver D 9/1/2003 1.236 whole
Crazy Beaver D 10/10/2003 1.240 whole
Crazy Beaver D 11/10/2003 1.222 whole
Crazy Beaver D 2/16/2004 1.253 whole
Crazy Beaver D 4/16/2004 0 446 whole
Crazy Beaver D 4/23/2004 0.763 whole
Crazy Beaver D 5/1/2004 0.513 whole
Crazy Beaver D 5/15/2004 0.730 whole
Crazy Beaver D 7/19/2004 1.057 whole
Crazy Beaver D 8/15/2004 1.205 whole
Crazy Beaver Medium 7/10/2003 0 990 whole
Crazy Beaver Medium 7/24/2003 1.158 whole
Crazy Beaver Medium 8/6/2003 1.168 whole
Crazy Beaver Medium 9/12/2003 1.161 whole
Crazy Beaver Medium 10/10/2003 1.210 whole
Crazy Beaver Medium 10/17/2003 1.205 whole
Crazy Beaver Medium 12/13/2003 1.180 whole
Crazy Beaver Medium 2/16/2004 1.200 whole
Crazy Beaver Medium 4/16/2004 0,429 whole
Crazy Beaver Medium 4/23/2004 0.733 whole
Crazy Beaver Medium 5/15/2004 0.693 whole
Crazy Beaver Medium 6/29/2004 0.651 whole
Crazy Beaver Medium 8/15/2004 1.155 whole
Crazy Beaver Shallow 7/10/2003 1.047 whole
Crazy Beaver Shallow 7/24/2003 1.147 whole
Crazy Beaver Shallow 8/6/2003 1.177 whole
Crazy Beaver Shallow 9/12/2003 1.185 whole
Crazy Beaver Shallow 10/10/2003 1 215 whole
Crazy Beaver Shallow 10/17/2003 1 210 whole
Crazy Beaver Shallow 12/13/2003 1.218 whole
Site Name Date
W L
(m)
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Crazy Beaver Shallow 2/16/2004 1 240 whole
Crazy Beaver Shallow 4/16/2004 0 468 whole
Crazy Beaver Shallow 4/23/2004 0.776 whole
Crazy Beaver Shallow 5/15/2004 0.732 whole
Crazy Beaver Shallow 6/29/2004 0693 whole
Crazy Beaver Shallow 8/15/2004 1.194 whole
Dalimata Field 8/4/2002 1.469 whole
Dalimata Field 4/15/2003 1.199 whole
Dalimata Field 5/27/2003 0.488 whole
Dalimata Field 5/29/2003 0.493 whole
Dalimata Field 6/25/2003 1.326 whole
Dalimata Field 8/8/2003 1 550 whole
Dalimata Field 9/2/2003 1 588 whole
Dalimata Field 9/12/2003 1 571 whole
Dalimata Field 10/9/2003 1.617 whole
Dalimata Field 11/9/2003 1.617 whole
Dalimata Field 12/13/2003 1.630 whole
Dalimata Field 2/6/2004 1.599 whole
Dalimata Field 2/23/2004 1.654 whole
Dalimata Field 4/10/2004 1 204 whole
Dalimata Field 4/12/2004 1.235 whole
Dalimata Field 4/27/2004 1 195 whole
Dalimata Field 5/20/2004 1.233 whole
Dalimata Field 5/26/2004 1.258 whole
Dalimata Field 6/23/2004 1 267 whole
Dalimata Field 7/21/2004 1 456 whole
Dalimata Field 7/25/2004 1.498 whole
Dalimata Field 8/14/2004 1.598 whole
Dalimata Field 8/20/2004 1 591 whole
Dalimata Field 4/10/2004 1.204 whole
Dry Channel medium 7/24/2003 1.323 whole
Dry Channel medium 8/6/2003 1.385 whole
Dry Channel medium 9/12/2003 1.408 whole
Dry Channel medium 10/10/2003 1 495 whole
Dry Channel medium 12/13/2003 1455 whole
Dry Channel medium 2/16/2004 1.501 whole
Dry Channel medium 4/16/2004 0.770 whole
Dry Channel medium 5/15/2004 0.984 whole
Dry Channel medium 6/23/2004 0.930 whole
Dry Channel medium 8/19/2004 1.384 whole
Dry Channel shallow 7/24/2003 1.298 whole
Dry Channel shallow 8/6/2003 1,368 whole
Dry Channel shallow 9/12/2003 1.390 whole
Dry Channel shallow 10/10/2003 1.475 whole
Dry Channel shallow 12/13/2003 1.450 whole
Dry Channel shallow 2/16/2004 1 495 whole
Dry Channel Shallow 4/16/2004 0 781 whole
Dry Channel shallow 5/15/2004 0 991 whole
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Dry Channel shallow 6/23/2004 0.944 whole
Dry Channel shallow 8/19/2004 1.387 whole
Dry Creek A 10/10/2002 1.189 whole
Dry Creek A 2/6/2003 1,136 whole
Dry Creek A 2/14/2003 1181 whole
Dry Creek A 3/18/2003 1.115 whole
Dry Creek A 3/23/2003 0.998 whole
Dry Creek A 4/15/2003 0.826 whole
Dry Creek A 8/7/2003 1 124 whole
Dry Creek A 9/4/2003 1.175 whole
Dry Creek A 10/10/2003 1.190 whole
Dry Creek A 4/9/2004 0.710 whole
Dry Creek A 5/5/2004 0.355 whole
Dry Creek A 6/25/2004 0.798 whole
Dry Creek A 8/15/2004 1.165 whole
Dry Creek B 10/10/2002 2.090 whole
Dry Creek B 2/6/2003 1.956 whole
Dry Creek B 2/14/2003 2.025 whole
Dry Creek B 3/18/2003 1.884 whole
Dry Creek B 4/15/2003 1.445 whole
Dry Creek B 5/30/2003 0.633 whole
Dry Creek B 8/7/2003 1.944 whole
Dry Creek B 9/4/2003 2.019 whole
Dry Creek B 10/10/2003 2.040 whole
Dry Creek B 12/3/2003 2.009 whole
Dry Creek B 2/24/2004 2.067 whole
Dry Creek B 4/9/2004 1.394 whole
Dry Creek B 5/5/2004 1 025 whole
Dry Creek B 6/25/2004 1.429 whole
Dry Creek B 7/20/2004 1 739 whole
Dry Creek B 8/15/2004 1 991 whole
Dry Creek C 10/10/2003 2.535 whole
Dry Creek C 12/4/2003 2.429 whole
Dry Creek C 2/24/2004 2.53 whole
Dry Creek C 4/9/2004 1.66 whole
Dry Creek C 4/9/2004 1.66 whole
Dry Creek C 5/5/2004 1.142 whole
Dry Creek C 5/5/2004 1.142 whole
Dry Creek C 5/27/2004 1.563 whole
Dry Creek C 6/25/2004 1.659 whole
Dry Creek C 7/23/2004 2.265 whole
Dry Creek C 7/27/2004 2.292 whole
Dry Creek C 8/15/2004 2.451 whole
Great Bear 10/28/2002 1.460 whole
Great Bear 2/2/2003 1,092 whole
Great Bear 2/6/2003 1 163 whole
Great Bear 2/11/2003 1 308 whole
Great Bear 3/16/2003 0996 whole
Site Name Date
W L
(m)
IN T
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Great Bear 3/22/2003 0.960 whole
Great Bear 3/27/2003 0.900 whole
Great Bear 4/15/2003 0.320 whole
Great Bear 6/12/2003 0.198 whole
Great Bear 7/11/2003 0.683 whole
Great Bear 8/30/2003 1.126 whole
Great Bear 10/9/2003 1.314 whole
Great Bear 10/17/2003 1.315 whole
Great Bear 11/9/2003 1.358 whole
Great Bear 2/8/2004 1.238 2.00
Great Bear 4/5/2004 0.629 2.0
Great Bear 5/3/2004 0.282 whole
Great Bear 5/3/2004 0.282 whole
Great Bear 5/30/2004 0.314 whole
Great Bear 6/22/2004 0518 whole
Great Bear 6/22/2004 0.518 whole
Great Bear 7/20/2004 0.793 whole
Great Bear 8/14/2004 1 113 whole
H A O l 7/31/2003 1.343 whole
H A O l 8/5/2003 1.407 2.0
H A O l 9/6/2003 1.573 whole
H A O l 10/10/2003 1.607 whole
H A O l 10/20/2003 1.535 3 2
H A O l 10/20/2003 1.552 9.5
H A O l 10/20/2003 1 522 whole
H A O l 11/9/2003 1.571 whole
H A O l 2/24/2004 1.695 whole
H A O l 2/25/2004 1.699 whole
H A O l 4/5/2004 0.793 3 0
H A O l 4/19/2004 0.983 2 5
H A O l 4/19/2004 0.979 6.0
H A O l 4/19/2004 0.972 whole
H A O l 6/22/2004 0.940 2.0
H A O l 6/22/2004 0.965 8.0
H A O l 6/22/2004 0.963 whole
H A O l 6/28/2004 0 979 2.0
H A O l 7/14/2004 1.062 2.0
H A O l 7/14/2004 1.082 8 0
H A O l 7/14/2004 1.082 whole
H A O l 7/23/2004 1 119 2.0
H A O l 7/23/2004 1.157 8.0
H A O l 7/23/2004 1 157 whole
H A O l 8/10/2004 1.335 whole
H A O l 8/14/2004 1.409 whole
HA 02 8/4/2003 1 554 16
HA 02 8/30/2003 1724 whole
HA 02 10/9/2003 1 842 whole
HA 02 11/10/2003 1.847 whole
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HA  02 2/10/2004 1.629 2.0
H A  02 2/10/2004 1.629 whole
H A  02 4/5/2004 1.127 whole
H A  02 4/12/2004 0.999 whole
H A  02 4/28/2004 0 588 2.0
H A  02 4/28/2004 0.760 8 5
H A  02 4/28/2004 0.634 whole
H A  02 5/10/2004 0.778 whole
H A  02 6/22/2004 1.125 2.0
H A  02 6/22/2004 1.162 8 0
H A  02 6/22/2004 1.150 whole
H A  02 6/22/2004 1.141 whole
H A  02 6/22/2004 1.141 whole
H A  02 7/9/2004 1.308 2.0
H A  02 7/9/2004 1.383 8.0
H A  02 7/9/2004 1.328 whole
HA 02 7/13/2004 1.385 2.0
HA 02 7/13/2004 1.437 8.0
HA 02 7/13/2004 1.404 whole
H A  02 7/20/2004 1.462 whole
H A  02 8/10/2004 1.710 whole
H A  02 8/14/2004 1.744 whole
H A  03 8/1/2003 2.058 2.0
H A  03 8/5/2003 2.073 2 1
H A  03 9/6/2003 2.175 whole
H A  03 10/9/2003 2.200 whole
HA 03 11/9/2003 2.203 whole
H A  03 2/23/2004 2.263 whole
H A  03 4/6/2004 1.684 whole
H A  03 4/6/2004 1.684 whole
H A  03 5/8/2004 1.416 whole
H A  03 5/24/2004 1.609 2.0
HA 03 5/24/2004 1.700 11.0
H A  03 5/24/2004 1.652 whole
HA 03 5/26/2004 1.68 whole
HA 03 6/4/2004 1.548 2.0
H A  03 6/4/2004 1.605 10.0
H A  03 6/23/2004 1.659 2.0
HA 03 6/23/2004 1.743 10.0
H A  03 6/23/2004 1.697 whole
H A  03 7/21/2004 1.922 2.0
H A  03 7/21/2004 1 962 whole
H A  03 7/25/2004 2.025 whole
H A  04 7/31/2003 1.405 2.0
HA 04 8/5/2003 1.407 1.4
H A  04 9/2/2003 1.439 whole
HA 04 10/9/2003 1,437 whole
HA 04 2/6/2004 1.429 whole
Site Name Date
W L
(m)
IN T
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HA 04 3/19/2004 1.304 whole
HA 04 4/6/2004 1.168 whole
H A  04 4/6/2004 1.168 whole
H A  04 4/12/2004 1.170 whole
H A  04 4/27/2004 1.135 whole
H A  04 4/28/2004 1.026 whole
H A  04 5/17/2004 1.205 2.0
H A  04 5/17/2004 1.195 11.0
H A  04 5/17/2004 1.208 whole
H A  04 5/20/2004 1.157 2.0
H A  04 5/20/2004 1.159 110
H A  04 5/28/2004 1.125 whole
H A  04 6/8/2004 1.103 2.0
H A  04 6/8/2004 1.073 10,0
H A  04 6/8/2004 1.110 whole
H A  04 6/23/2004 1.188 2.0
H A  04 6/23/2004 1.183 11.0
H A  04 6/23/2004 1.196 whole
H A  04 7/21/2004 1.346 whole
H A  04 7/26/2004 1.383 whole
HA 04 8/3/2004 1.423 whole
H A  04 8/14/2004 1.457 whole
H A  04 11/8/2004 1.420 whole
HA 05 7/31/2003 1.426 2.0
H A  05 8/5/2003 1 433 1.5
HA 05 9/4/2003 1.459 whole
H A  05 10/9/2003 1.445 whole
H A  05 11/7/2003 1.431 whole
H A  05 2/6/2004 1.449 whole
H A  05 4/10/2004 1.128 whole
H A  05 4/10/2004 1.128 whole
HA 05 4/23/2004 1.223 2.5
HA 05 4/23/2004 1.245 5.0
H A  05 4/23/2004 1.226 whole
H A  05 5/20/2004 1.148 2.0
H A  05 5/20/2004 1.165 8.0
HA 05 5/28/2004 1.107 whole
HA 05 6/23/2004 1.195 whole
HA 05 7/13/2004 1 321 2.0
HA 05 7/13/2004 1,343 7.0
HA 05 7/13/2004 1.330 whole
HA 05 7/26/2004 1 403 whole
HA 05 8/3/2004 1 402 whole
HA 05 8/13/2004 1.476 whole
H A  06 8/4/2003 2.088 2.0
HA 06 9/4/2003 2.108 whole
HA 06 10/9/2003 2 100 whole
HA 06 11/6/2003 2.085 whole
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HA 06 2/6/2004 2.094 whole
H A  06 2/9/2004 2.094 2.2
H A  06 4/6/2004 1.803 whole
H A  06 4/6/2004 1 803 whole
H A  06 4/12/2004 1.806 whole
HA 06 4/16/2004 1.705 whole
HA 06 4/23/2004 1.879 2.5
HA 06 4/23/2004 1.867 7.0
H A  06 4/23/2004 1.867 whole
H A  06 4/26/2004 1.841 2.5
H A  06 4/26/2004 1.827 7.0
H A  06 4/26/2004 1.851 whole
HA 06 5/19/2004 1.839 2.0
H A  06 5/19/2004 1.832 7.0
H A  06 5/19/2004 1.837 whole
H A  06 5/20/2004 1 805 2.0
HA 06 5/20/2004 1.807 8.0
HA 06 5/28/2004 1.754 whole
HA 06 6/18/2004 1.845 3.0
HA 06 6/22/2004 1.860 2.0
HA 06 6/22/2004 1.855 7.0
H A  06 6/22/2004 1.860 whole
HA 06 7/19/2004 1.987 2.0
H A  06 7/19/2004 1.993 8.0
HA 06 7/19/2004 1.991 whole
H A  06 7/22/2004 2.006 whole
H A  06 7/26/2004 2.036 whole
H A  06 8/3/2004 2.079 whole
H A  06 8/14/2004 2.113 whole
H A  07 7/31/2003 1.767 whole
HA 07 8/6/2003 1.763 2.5
HA 07 9/4/2003 1.783 whole
H A  07 10/9/2003 1.780 whole
HA 07 11/6/2003 1.772 whole
HA 07 11/9/2003 2.789 whole
HA 07 2/6/2004 1.776 whole
HA 07 2/9/2004 1.776 3.2
H A  07 4/6/2004 1.532 whole
HA 07 4/6/2004 1,532 whole
HA 07 4/23/2004 1.601 2.5
HA 07 4/23/2004 1.595 5.0
HA 07 4/23/2004 1.589 whole
H A  07 4/26/2004 1.571 2.5
H A  07 4/26/2004 1,560 8.0
H A  07 4/26/2004 1 575 whole
H A  07 5/5/2004 1.357 whole
H A  07 5/17/2004 1 580 2.0
H A  07 5/17/2004 1.572 8.0
Site Name Date
W L
(m)
IN T
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HA 07 5/17/2004 1.586 whole
H A  07 5/28/2004 1.503 whole
HA 07 6/18/2004 1.570 whole
H A  07 6/22/2004 1.584 2.0
HA 07 6/22/2004 1.577 7.0
HA 07 6/22/2004 1.582 whole
HA 07 7/19/2004 1.704 2.0
H A  07 7/19/2004 1.694 8,0
H A  07 7/19/2004 1.704 whole
H A  07 7/22/2004 1.720 whole
H A  07 7/26/2004 1,738 whole
HA 07 8/3/2004 1.758 whole
HA 07 8/13/2004 1.787 whole
HA 07 8/14/2004 1.787 whole
HA 08 8/1/2003 2.750 whole
HA 08 8/6/2003 2.776 2.8
HA 08 9/6/2003 2.794 whole
HA 08 10/9/2003 2 784 whole
HA 08 2/19/2004 2.786 whole
HA 08 5/5/2004 2.412 whole
HA 08 5/5/2004 2.412 whole
HA 08 7/10/2004 2.645 3.0
HA 08 7/22/2004 2.430 whole
H A  08 8/10/2004 2.440 whole
HA 09 7/31/2003 1.940 2.0
H A  09 8/4/2003 1.932 2.0
HA 09 9/6/2003 1 962 whole
H A  09 10/9/2003 1 945 whole
HA 09 10/16/2003 1.938 whole
HA 09 11/6/2003 1.931 whole
HA 09 2/23/2004 1.958 whole
HA 09 2/25/2004 1.959 whole
HA 09 4/8/2004 1 654 whole
HA 09 4/9/2004 1.641 whole
H A  09 4/9/2004 1 641 whole
HA 09 4/27/2004 1.714 6.0
HA 09 4/27/2004 1 724 whole
HA 09 5/13/2004 1 681 whole
HA 09 5/13/2004 1.695 whole
HA 09 5/29/2004 1.665 whole
HA 09 6/9/2004 1.671 whole
HA 09 6/18/2004 1.770 2.0
HA 09 6/22/2004 1.780 whole
HA 09 7/15/2004 1.850 8.0
HA 09 7/15/2004 1 873 whole
HA 09 7/23/2004 1 911 8.0
HA 09 7/23/2004 1 918 whole
HA 09 7/26/2004 1 924 whole
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H A  09 8/9/2004 1.983 whole
H A  09 8/14/2004 2.009 whole
H A  10 7/31/2003 2.143 2 1
H A  10 8/4/2003 2.146 2.0
H A  10 9/6/2003 2.176 whole
H A  10 10/9/2003 2.164 whole
HA 10 11/4/2003 2,156 whole
H A  10 11/17/2003 2.164 whole
H A  10 2/6/2004 2.175 whole
HA  10 2/9/2004 2.175 2.5
H A  10 2/25/2004 2 180 whole
HA  10 4/8/2004 1.916 w4iole
H A  10 4/9/2004 1.920 whole
H A  10 4/9/2004 1.92 whole
H A  10 4/27/2004 1.955 whole
H A  10 4/28/2004 1.879 whole
H A  10 5/13/2004 1.943 whole
H A  10 5/20/2004 1.965 whole
H A  10 5/29/2004 1 913 whole
H A  10 6/18/2004 1.990 2.3
H A  10 6/23/2004 1.981 whole
H A  10 7/15/2004 2058 whole
H A  10 7/23/2004 7.120 whole
HA 10 7/26/2004 2.113 whole
HA 10 8/9/2004 2.163 whole
H A  10 8/9/2004 2.163 whole
HA 10 8/14/2004 2.186 whole
HA 10 8/19/2004 2.177 whole
H A  11 7/30/2003 2.124 2.2
H A  11 8/5/2003 2.072 2.1
H A  11 9/4/2003 2.134 whole
H A  11 9/10/2003 2.134 whole
H A  11 10/10/2003 2.145 whole
H A  11 10/20/2003 2.125 whole
H A  11 11/14/2003 2.119 whole
HA 11 4/10/2004 1.667 whole
H A  11 4/10/2004 1.699 whole
H A  11 5/5/2004 1.393 whole
H A  11 5/15/2004 1.751 whole
H A  11 5/15/2004 1.751 whole
HA 11 5/29/2004 1.625 whole
H A  11 6/9/2004 1.667 whole
H A  11 6/18/2004 1.744 2.0
H A  11 6/24/2004 0.726 2.0
H A  11 6/24/2004 0.724 8.0
H A  11 7/20/2004 1.931 whole
HA 11 7/27/2004 2.023 whole
HA  11 8/15/2004 2 137 whole
Site Name Date
W L
(m)
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H A  12 8/1/2003 2,010 whole
HA 12 8/5/2003 2 000 2.0
H A  12 8/31/2003 2.053 whole
H A  12 10/11/2003 2.106 whole
HA 12 11/8/2003 2.044 whole
H A  12 2/21/2004 2.063 whole
H A  12 2/23/2004 2.163 whole
H A  12 4/7/2004 1.353 3.0
H A  12 4/19/2004 1.510 2.5
H A  12 4/19/2004 1.603 7.9
H A  12 4/19/2004 1.574 whole
H A  12 4/19/2004 1.547 whole
HA  12 5/3/2004 1.135 2.0
HA  12 5/3/2004 1 263 8.0
HA  12 5/3/2004 1.200 whole
HA  12 5/8/2004 1.144 whole
HA  12 5/16/2004 1.597 2.2
H A  12 5/16/2004 1.606 whole
H A  12 5/17/2004 1.555 2.0
H A  12 5/17/2004 1.657 11.0
H A  12 5/17/2004 1 636 whole
HA  12 5/30/2004 1.487 whole
H A  12 6/23/2004 1.524 2.0
H A  12 6/23/2004 1.619 10.0
H A  12 6/23/2004 1.601 whole
H A  12 7/16/2004 1.894 10.0
H A  12 7/16/2004 1 855 whole
H A  12 7/21/2004 1 958 10.0
H A  12 7/21/2004 1.916 whole
H A  12 7/28/2004 2.35 whole
H A  12 8/10/2004 2.650 whole
H A  12 8/20/2004 2.131 whole
H A  13 8/1/2003 2.760 whole
H A  13 8/5/2003 2.792 2.8
H A 1 3 8/31/2003 2.888 whole
HA 13 10/11/2003 2.930 whole
HA 13 10/20/2003 2.920 12 5
H A  13 10/20/2003 2 891 whole
H A  13 11/8/2003 2.867 whole
HA 13 2/19/2004 2.892 3.0
HA 13 4/7/2004 2.115 4.0
HA 13 4/19/2004 2.247 2.5
HA 13 4/19/2004 2.270 10.0
HA 13 4/19/2004 2.253 whole
H A  13 5/3/2004 1.845 2.0
HA 13 5/3/2004 1.862 8 0
HA 13 5/3/2004 1.850 whole
H A  13 5/8/2004 1.833 whole
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H A  13 5/18/2004 2.210 2.0
H A  13 5/18/2004 2,227 11,0
H A  13 5/18/2004 2,216 whole
H A  13 5/30/2004 2.003 whole
H A  13 6/2/2004 2.092 whole
H A  13 6/23/2004 2,145 2,0
H A  13 6/23/2004 2,165 8.0
H A  13 6/23/2004 2,146 whole
H A  13 7/16/2004 2,499 10,0
H A  13 7/16/2004 2.475 whole
H A  13 7/19/2004 2,555 10.0
H A  13 7/19/2004 2.536 whole
H A  13 7/28/2004 2,694 whole
H A  13 8/12/2004 2 800 whole
H A  13 8/14/2004 2,820 whole
HA  13 8/20/2004 2,790 whole
H A  14 8/31/2003 1 611 whole
H A  14 10/11/2003 1,625 whole
H A  14 11/8/2003 1,592 whole
H A  14 2/19/2004 1,617 whole
H A  14 3/19/2004 1.413 whole
H A  14 4/7/2004 1.080 3,0
H A  14 4/19/2004 1.184 2,5
H A  14 4/19/2004 1.160 8,0
H A  14 4/19/2004 1.174 whole
H A  14 5/3/2004 0.930 2,0
H A  14 5/3/2004 0.898 8 0
H A  14 5/3/2004 0.915 whole
H A  14 5/8/2004 0,917 whole
H A  14 5/30/2004 1.025 whole
H A  14 6/2/2004 1.078 8,0
H A  14 6/2/2004 1.098 whole
H A  14 6/23/2004 1.145 2.0
H A  14 6/23/2004 1.113 8,0
H A  14 6/23/2004 1,135 whole
H A  14 7/13/2004 1.33 whole
H A  14 7/16/2004 1.358 2,0
H A  14 7/16/2004 1,327 10,0
H A  14 7/16/2004 1,345 whole
H A  14 7/19/2004 1,387 2,0
H A  14 7/19/2004 1,359 10,0
H A  14 7/28/2004 1 483 whole
H A  14 8/12/2004 1,552 whole
H A  14 8/12/2004 1,560 whole
H A  14 8/20/2004 1,558 whole
H A  15 8/5/2003 1,330 whole
H A  15 8/6/2003 1 343 2 0
H A  15 9/1/2003 1,381 whole
Site Name Date
W L
(m)
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H A  15 10/10/2003 1 365 whole
HA 15 11/8/2003 1 352 whole
H A  15 2/10/2004 1 368 whole
H A  15 2/16/2004 1 368 whole
H A  15 4/15/2004 0,981 whole
H A  15 5/3/2004 0904 whole
H A  15 5/18/2004 0,450 whole
H A  15 6/2/2004 0,426 whole
H A  15 7/19/2004 1,352 2,0
H A  15 7/19/2004 1,361 8,0
HA 15 8/10/2004 0,726 whole
HA 15 8/10/2004 0,726 whole
HA 16 8/6/2003 2,048 2,1
H A  16 9/1/2003 2,122 whole
HA  16 10/10/2003 2,123 whole
HA  16 11/8/2003 2,109 whole
HA  16 2/10/2004 2,120 whole
HA  16 2/16/2004 2,120 whole
HA 16 4/15/2004 1,460 whole
HA  16 5/3/2004 1,413 whole
HA  16 5/3/2004 1,413 whole
H A  16 7/29/2004 1 998 whole
HA  16 8/10/2004 2050 whole
H A  17 8/5/2003 2,206 2.3
HA 17 9/1/2003 2.298 whole
H A  17 10/10/2003 2310 whole
H A  17 11/8/2003 2.283 whole
HA 17 2/10/2004 2 316 whole
H A  17 2/16/2004 2316 whole
H A  17 4/10/2004 1,770 whole
HA 17 4/10/2004 1,77 whole
HA 17 4/15/2004 1,578 whole
HA 17 5/3/2004 1,485 2.0
HA 17 5/3/2004 1,507 8 5
H A  17 5/3/2004 1.501 whole
H A  17 5/3/2004 1 501 whole
HA 17 5/30/2004 1,637 whole
HA 17 6/23/2004 1,751 2,0
HA 17 6/23/2004 1,757 10,0
HA 17 6/23/2004 1,762 whole
HA 17 6/28/2004 1,829 whole
HA 17 7/13/2004 2015 100
HA 17 7/13/2004 2,006 whole
HA 17 7/22/2004 2,089 whole
HA 17 7/28/2004 2.157 whole
HA 17 8/10/2004 2,220 whole
HA 17 8/10/2004 2.229 whole
HA 18 7/31/2003 1,389 2,0
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H A  18 8/6/2003 1.350 2.0
H A  18 9/1/2003 1.410 whole
H A  18 10/10/2003 1.425 whole
H A  18 11/10/2003 1.403 whole
H A  18 2/21/2004 1.408 whole
H A  18 4/7/2004 0.962 2.0
H A  18 4/16/2004 0.889 whole
H A  18 4/23/2004 1.077 2,5
H A  18 4/23/2004 1.084 7.0
H A  18 4/23/2004 1.080 whole
H A  18 5/10/2004 0.836 whole
H A  18 5/29/2004 0.881 whole
H A  18 6/23/2004 1.020 2.0
H A  18 6/23/2004 1.010 8.0
H A  18 6/23/2004 1.020 whole
H A  18 7/15/2004 1.192 2.0
H A  18 7/15/2004 1.183 8.0
H A  18 7/15/2004 1.190 whole
H A  18 7/22/2004 1.226 2.0
H A  18 7/22/2004 1.223 8.0
H A  18 7/22/2004 1.229 whole
H A  18 7/28/2004 1.295 whole
H A  18 8/12/2004 1.366 whole
HA 18 8/12/2004 1.370 whole
H A  19 7/30/2003 1.898 1.9
H A  19 8/6/2003 2.013 2.0
H A  19 8/31/2003 2.094 whole
H A  19 10/10/2003 2.112 whole
HA 19 11/10/2003 2.067 whole
H A  19 2/22/2004 2.096 whole
H A  19 4/8/2004 1.418 whole
H A  19 4/9/2004 1.455 whole
H A  19 4/9/2004 1.455 whole
H A  19 4/15/2004 1.270 whole
H A  19 5/13/2004 1 509 8.0
HA 19 5/13/2004 1.502 whole
HA 19 5/29/2004 1.318 whole
H A  19 6/22/2004 1.493 2.0
H A  19 7/14/2004 1.833 8 0
H A  19 7/14/2004 1.812 whole
HA 19 7/22/2004 1.869 whole
HA 19 7/26/2004 1 924 whole
HA 19 8/9/2004 2.016 whole
H A  19 8/14/2004 2.055 whole
H A  20 7/31/2003 1.421 2.0
HA 20 8/6/2003 1.454 2.0
H A  20 8/31/2003 1 516 whole
HA 20 10/10/2003 1.535 whole
Site Name Date
W L
(m)
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HA 20 11/10/2003 1511 whole
HA 20 2/19/2004 1.488 whole
H A  20 4/8/2004 1.020 whole
H A  20 4/9/2004 1.053 whole
HA 20 4/9/2004 1.053 whole
H A  20 4/15/2004 0.945 whole
H A  20 5/1/2004 0989 whole
H A  20 5/1/2004 1.031 whole
H A  20 5/13/2004 1.044 8.0
H A  20 5/13/2004 1.071 whole
H A  20 5/29/2004 0982 whole
H A  20 6/24/2004 1.080 1.0
H A  20 7/14/2004 1.275 8.0
H A  20 7/14/2004 1.278 whole
H A  20 7/22/2004 1.335 whole
H A  20 7/26/2004 1.379 whole
HA 20 8/9/2004 1.482 whole
H A  20 8/14/2004 1.515 whole
Hidden Cow 10/20/2002 0.930 whole
Hidden Cow 2/6/2003 0.917 whole
Hidden Cow 3/18/2003 0.827 whole
Hidden Cow 3/27/2003 1.560 whole
Hidden Cow 4/14/2003 0691 whole
Hidden Cow 5/29/2003 0343 whole
Hidden Cow 7/10/2003 0.829 whole
Hidden Cow 8/12/2003 0.920 whole
Hidden Cow 9/2/2003 0.932 whole
Hidden Cow 10/9/2003 0.917 whole
Hidden Cow 11/6/2003 0.912 whole
Hidden Cow 4/12/2004 0697 whole
Hidden Cow 5/3/2004 0 611 whole
Hidden Cow 6/22/2004 0.735 whole
Hidden Cow 7/31/2004 0 911 whole
Hidden Cow 8/13/2004 0.927 whole
Movie Road 10/18/2001 2.448 whole
Movie Road 8/4/2002 1.972 whole
Movie Road 1/28/2003 2.399 whole
Movie Road 2/6/2003 2.304 whole
Movie Road 3/19/2003 2.185 whole
Movie Road 3/22/2003 2.153 whole
Movie Road 4/13/2003 1.635 whole
Movie Road 4/15/2003 1.535 whole
Movie Road 5/27/2003 -0 060 whole
Movie Road 5/30/2003 0.732 whole
Movie Road 6/11/2003 1 287 whole
Movie Road 6/11/2003 1 290 whole
Movie Road 6/25/2003 1 707 whole
Movie Road 7/10/2003 1 829 whole
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Movie Road 8/4/2003 2.045 whole
Movie Road 8/7/2003 2.064 whole
Movie Road 8/30/2003 2.203 whole
Movie Road 9/10/2003 2,262 whole
Movie Road 10/9/2003 2.347 whole
Movie Road 10/16/2003 2.353 whole
Movie Road 11/9/2003 2,392 whole
Movie Road 12/13/2003 2.370 whole
Movie Road 2/10/2004 2,220 whole
Movie Road 3/19/2004 2,057 whole
Movie Road 4/5/2004 1.749 whole
Movie Road 4/28/2004 1.304 whole
Movie Road 4/29/2004 1.381 whole
Movie Road 5/25/2004 1.609 whole
Movie Road 6/22/2004 1.682 whole
Movie Road 6/22/2004 1.682 whole
Movie Road 7/19/2004 1.953 whole
Movie Road 7/20/2004 1.918 whole
Movie Road 8/14/2004 2 229 whole
New #1 8/12/2004 1,253 whole
New #2 8/12/2004 2.210 whole
New #3 8/12/2004 2.622 whole
New #4 8/12/2004 2.421 whole
Nyack 01 4/13/2003 1.760 whole
Nyack 01 4/15/2003 1.652 whole
Nyack 01 5/27/2003 0.070 whole
Nyack 01 7/10/2003 1.954 whole
Nyack 01 8/4/2003 2.150 whole
Nyack 01 10/9/2003 2.460 whole
Nyack 01 4/5/2004 1.860 whole
Nyack 01 4/28/2004 1.420 whole
Nyack 01 6/22/2004 1.791 whole
Nyack 01 8/14/2004 2.335 whole
Nyack 03 3/23/2003 1.249 whole
Nyack 03 4/15/2003 1.061 whole
Nyack 03 5/27/2003 0.405 whole
Nyack 03 6/25/2003 1.113 whole
Nyack 03 8/6/2003 1 329 whole
Nyack 03 9/12/2003 1.360 whole
Nyack 03 10/9/2003 1 400 whole
Nyack 03 10/17/2003 1,396 whole
Nyack 03 12/13/2003 1,524 whole
Nyack 03 2/6/2004 1,375 whole
Nyack 03 4/12/2004 1,023 whole
Nyack 03 4/27/2004 0949 whole
Nyack 03 5/5/2004 0,713 whole
Nyack 03 6/23/2004 1 026 whole
Nyack 03 8/14/2004 1,384 whole
Site Name Date
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Nyack 03 8/20/2004 1,381 whole
Nyack 04 3/23/2003 1,248 whole
Nyack 04 4/15/2003 1,066 whole
Nyack 04 5/27/2003 0,393 whole
Nyack 04 6/25/2003 1,113 whole
Nyack 04 8/6/2003 1,329 whole
Nyack 04 9/12/2003 1,361 whole
Nyack 04 10/9/2003 1.400 whole
Nyack 04 10/17/2003 1.395 whole
Nyack 04 12/13/2003 1.509 whole
Nyack 04 2/6/2004 1.376 whole
Nyack 04 4/12/2004 1.028 whole
Nyack 04 4/27/2004 0.951 whole
Nyack 04 5/5/2004 0.719 whole
Nyack 04 6/23/2004 1.029 whole
Nyack 04 8/14/2004 1.384 whole
Nyack 04 8/20/2004 1.381 whole
Nyack 05 3/23/2003 1.397 whole
Nyack 05 4/15/2003 0.927 whole
Nyack 05 4/27/2003 0854 whole
Nyack 05 5/27/2003 0.253 whole
Nyack 05 6/12/2003 0.707 whole
Nyack 05 6/25/2003 0.991 whole
Nyack 05 8/6/2003 1.184 whole
Nyack 05 9/12/2003 1.219 whole
Nyack 05 10/9/2003 1.257 whole
Nyack 05 10/17/2003 1 250 whole
Nyack 05 12/13/2003 1 381 whole
Nyack 05 2/6/2004 1.235 whole
Nyack 05 4/12/2004 0.883 whole
Nyack 05 4/27/2004 0,807 whole
Nyack 05 5/5/2004 0,575 whole
Nyack 05 6/23/2004 0.885 whole
Nyack 05 8/14/2004 1.244 whole
Nyack 05 8/20/2004 1.238 whole
Nyack 06 4/16/2003 0,725 whole
Nyack 06 5/29/2003 0,207 whole
Nyack 06 7/10/2003 0,960 whole
Nyack 06 8/4/2003 1.142 whole
Nyack 06 8/8/2003 1 190 whole
Nyack 06 9/10/2003 1.274 whole
Nyack 06 10/9/2003 1.381 whole
Nyack 06 12/13/2003 1.398 whole
Nyack 06 2/10/2004 1,224 whole
Nyack 06 4/5/2004 0,800 whole
Nyack 06 4/28/2004 0,000 whole
Nyack 06 6/22/2004 0,784 whole
Nyack 06 8/14/2004 1,320 whole
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Nyack 07 3/22/2003 1.184 whole
Nyack 07 7/10/2003 0.356 whole
Nyack 07 7/10/2003 0.841 whole
Nyack 07 8/4/2003 1.065 whole
Nyack 07 9/10/2003 1.290 whole
Nyack 07 10/9/2003 1.382 whole
Nyack 07 12/13/2003 1.399 whole
Nyack 07 2/5/2004 1.155 whole
Nyack 07 2/10/2004 1.176 whole
Nyack 07 4/5/2004 0.682 whole
Nyack 07 6/22/2004 0065 0.5
Nyack 07 6/22/2004 0.696 3.0
Nyack 07 8/14/2004 1.293 whole
Nyack 09 3/22/2003 1.667 whole
Nyack 09 4/16/2003 1.24 whole
Nyack 09 7/10/2003 1.515 whole
Nyack 09 8/4/2003 1.706 whole
Nyack 09 10/9/2003 1.868 yyhole
Nyack 09 12/13/2003 1.885 whole
Nyack 09 4/5/2004 1.378 whole
Nyack 09 4/28/2004 0.962 whole
Nyack 09 6/22/2004 1.434 whole
Nyack 09 8/14/2004 1.930 whole
Nyack 10 3/22/2003 1.293 whole
Nyack 10 4/16/2003 0.727 whole
Nyack 10 7/10/2003 0.579 whole
Nyack 10 8/4/2003 1.205 whole
Nyack 10 9/10/2003 1.369 whole
Nyack 10 10/9/2003 1.465 whole
Nyack 10 2/10/2004 1 280 whole
Nyack 10 4/5/2004 0.795 whole
Nyack 10 4/28/2004 0.296 whole
Nyack 10 6/22/2004 0.828 whole
Nyack 10 8/14/2004 1.372 whole
Nyack 11 8/4/2002 1.152 whole
Nyack 11 2/6/2003 1.166 whole
Nyack 11 3/18/2003 1.106 whole
Nyack 11 3/28/2003 1.12 whole
Nyack 11 4/15/2003 0.937 whole
Nyack 11 5/27/2003 0.415 whole
Nyack 11 5/29/2003 0.349 whole
Nyack 11 6/12/2003 0.768 whole
Nyack 11 8/8/2003 1.190 whole
Nyack 11 9/4/2003 1.195 whole
Nyack 11 10/10/2003 1.187 whole
Nyack 11 10/17/2003 1.175 whole
Nyack 11 4/12/2004 0.902 whole
Nyack 11 5/20/2004 0.892 whole
Site Name Date
W L
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Nyack 11 6/23/2004 0.922 whole
Nyack 11 7/19/2004 1.077 whole
Nyack 11 8/12/2004 1.195 whole
Nyack 12 3/23/2003 2.403 whole
Nyack 12 4/13/2003 2.335 whole
Nyack 12 4/16/2003 2.294 whole
Nyack 12 5/27/2003 1.494 whole
Nyack 12 6/11/2003 2.027 whole
Nyack 12 6/25/2003 2.332 whole
Nyack 12 7/10/2003 2.454 whole
Nyack 12 7/30/2003 2.532 whole
Nyack 12 8/5/2003 2.546 whole
Nyack 12 9/10/2003 2.564 whole
Nyack 12 10/10/2003 2.603 whole
Nyack 12 10/20/2003 2.585 whole
Nyack 12 12/13/2003 2.590 whole
Nyack 12 2/23/2004 2,615 whole
Nyack 12 5/5/2004 1.880 whole
Nyack 12 6/9/2004 2.160 whole
Nyack 12 8/15/2004 2.596 whole
Nyack 12 piezometer 6/25/2003 0.114 whole
Nyack 12 piezometer 6/26/2003 0.029 whole
Nyack 12 piezometer 8/5/2003 0.283 whole
Nyack 12 piezometer 9/10/2003 0.351 whole
Nyack 12 piezometer 12/13/2003 0.340 whole
Nyack 12 piezometer 2/23/2004 0.335 whole
Nyack 12 piezometer 2/23/2004 0.342 whole
Nyack 12 piezometer 8/15/2004 0.341 0.5
Nyack 12 piezometer 8/15/2004 0.325 1.5
Nyack 13 3/23/2003 1.641 whole
Nyack 13 4/13/2003 1.530 whole
Nyack 13 4/16/2003 1.487 whole
Nyack 13 5/27/2003 0.640 whole
Nyack 13 6/11/2003 1.189 whole
Nyack 13 6/25/2003 1.442 whole
Nyack 13 7/11/2003 1.655 whole
Nyack 13 7/30/2003 1.750 whole
Nyack 13 8/5/2003 1 771 whole
Nyack 13 9/10/2003 1.814 whole
Nyack 13 10/10/2003 1.845 whole
Nyack 13 12/13/2003 1 829 whole
Nyack 13 2/23/2004 1.846 whole
Nyack 13 5/5/2004 1.058 whole
Nyack 13 6/9/2004 1.361 whole
Nyack 13 8/15/2004 1.833 whole
Nyack 14 3/23/2003 1.763 whole
Nyack 14 4/16/2003 1.777 whole
Nyack 14 5/27/2003 1.334 whole
138
Site Name Date
W L
(m)
IN T
(m )
Nyack 14 6/11/2003 1.677 whole
Nyack 14 7/10/2003 1.927 whole
Nyack 14 7/23/2003 1.980 whole
Nyack 14 10/9/2003 2 005 whole
Nyack 14 10/17/2003 2.000 whole
Nyack 14 3/19/2004 1.805 whole
Nyack 14 4/12/2004 1.763 whole
Nyack 14 4/28/2004 1.673 whole
Nyack 14 6/23/2004 1.796 whole
Nyack 14 8/14/2004 2.027 whole
Nyack 15 3/23/2003 2.93 whole
Nyack 16 3/19/2003 2.127 whole
Nyack 16 4/16/2003 1.82 whole
Nyack 16 5/27/2003 1.296 whole
Nyack 16 6/12/2003 1.677 whole
Nyack 16 8/6/2003 2.192 whole
Nyack 16 10/10/2003 2 301 whole
Nyack 16 12/13/2003 2.275 whole
Nyack 16 2/16/2004 2.299 whole
Nyack 16 4/7/2004 1.775 whole
Nyack 16 4/28/2004 1.650 whole
Nyack 16 5/3/2004 1,642 whole
Nyack 16 6/23/2004 1.826 whole
Nyack 16 8/10/2004 2.223 whole
Nyack 16 8/12/2004 2.235 whole
Nyack 17 3/23/2003 1.635 whole
Nyack 17 4/15/2003 1.405 whole
Nyack 17 8/7/2003 1.845 whole
Nyack 17 10/10/2003 1.910 whole
Nyack 17 2/16/2004 1.920 whole
Nyack 17 4/16/2004 1.335 whole
Nyack 17 5/15/2004 1 494 whole
Nyack 17 6/23/2004 1.470 whole
Nyack 17 6/29/2004 1,498 whole
Nyack 17 8/12/2004 1.845 whole
Nyack 18 3/23/2003 0,978 whole
Nyack 18 4/13/2003 0.900 whole
Nyack 18 4/16/2003 0.972 whole
Nyack 18 5/27/2003 0.530 whole
Nyack 18 6/25/2003 1.052 whole
Nyack 18 8/4/2003 1,227 whole
Nyack 18 9/12/2003 1.227 whole
Nyack 18 10/9/2003 1 245 whole
Nyack 18 10/17/2003 1.235 whole
Nyack 18 12/13/2003 1.230 whole
Nyack 18 2/6/2004 1 236 whole
Nyack 18 4/12/2004 0935 whole
Nyack 18 4/27/2004 0.935 whole
Site Name Date
W L
(m )
IN T
(m)
Nyack 18 6/22/2004 0988 whole
Nyack 18 8/13/2004 1.253 whole
Nyack 18 piezometer 9/12/2003 1.442 whole
Nyack 18 piezometer 10/9/2003 1.405 whole
Nyack 18 piezometer 10/17/2003 1.400 whole
Nyack 18 piezometer 2/6/2004 1 314 whole
Nyack 18 piezometer 4/12/2004 1.170 whole
Nyack 18 piezometer 4/27/2004 1.118 whole
Nyack 18 piezometer 6/22/2004 1 006 whole
Nyack 18 piezometer 8/13/2004 1.216 whole
Nyack 19 3/23/2003 1.881 whole
Nyack 19 4/16/2003 1.86 whole
Nyack 19 5/27/2003 1.479 whole
Nyack 19 7/10/2003 2.006 whole
Nyack 19 8/6/2003 2.072 whole
Nyack 19 10/9/2003 2.100 whole
Nyack 19 12/18/2003 2.100 whole
Nyack 19 2/6/2004 2.095 whole
Nyack 19 4/12/2004 1 835 whole
Nyack 19 4/27/2004 1816 whole
Nyack 19 5/3/2004 1.746 whole
Nyack 19 6/22/2004 1 855 whole
Nyack 19 8/13/2004 2.110 whole
Nyack 20 3/23/2003 1 714 whole
Nyack 20 4/16/2003 1 637 whole
Nyack 20 8/6/2003 1 846 whole
Nyack 20 10/9/2003 1.870 whole
Nyack 20 2/6/2004 1.862 whole
Nyack 20 4/12/2004 1.550 whole
Nyack 20 4/27/2004 1.509 whole
Nyack 20 6/23/2004 1.558 whole
Nyack 20 8/12/2004 1 878 whole
Nyack 21 3/23/2003 1.277 whole
Nyack 21 4/16/2003 1.182 whole
Nyack 21 5/27/2003 0.588 whole
Nyack 21 8/6/2003 1 390 whole
Nyack 21 10/9/2003 1.425 whole
Nyack 21 2/6/2004 1.415 whole
Nyack 21 4/12/2004 1.122 whole
Nyack 21 4/27/2004 1.076 whole
Nyack 21 5/5/2004 0.885 whole
Nyack 21 6/23/2004 1.124 whole
Nyack 21 8/12/2004 1418 whole
Nyack 22 5/27/2003 0.777 whole
Nyack 22 7/16/2003 1.793 whole
Nyack 22 8/6/2003 1.903 whole
Nyack 22 10/11/2003 1.995 whole
Nyack 22 12/15/2003 1.452 whole
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Nyack 22 2/23/2004 2,014 whole
Nyack 22 3/19/2004 1.759 whole
Nyack 22 5/3/2004 1.248 whole
Nyack 22 6/23/2004 1.462 whole
Nyack 22 6/29/2004 1.503 whole
Nyack 22 8/12/2004 1.905 whole
Nyack 22 8/20/2004 1.912 whole
Nyack 23 3/23/2003 1.196 whole
Nyack 23 4/16/2003 1.126 whole
Nyack 23 5/27/2003 0.738 whole
Nyack 23 6/25/2003 1.174 whole
Nyack 23 8/6/2003 1.285 whole
Nyack 23 9/12/2003 1.289 whole
Nyack 23 10/9/2003 1.308 whole
Nyack 23 10/17/2003 1.295 whole
Nyack 23 12/13/2003 1.320 whole
Nyack 23 2/6/2004 1.308 whole
Nyack 23 4/12/2004 1.119 whole
Nyack 23 4/27/2004 1.109 whole
Nyack 23 6/23/2004 1.153 whole
Nyack 23 8/14/2004 1.314 whole
Nyack 24 3/22/2003 1.959 whole
Nyack 24 4/16/2003 1.313 whole
Nyack 24 7/10/2003 1.631 whole
Nyack 24 8/7/2003 1.890 whole
Nyack 24 10/9/2003 2.290 whole
Nyack 24 10/17/2003 2.295 whole
Nyack 24 12/13/2003 2.312 whole
Nyack 24 2/5/2004 2.195 whole
Nyack 24 4/5/2004 1 603 whole
Nyack 24 5/3/2004 1.151 whole
Nyack 25 5/29/2002 0 447 whole
Nyack 25 8/4/2002 1.180 whole
Nyack 25 10/20/2002 1.407 whole
Nyack 25 2/6/2003 1.481 whole
Nyack 25 3/23/2003 1.353 whole
Nyack 25 4/13/2003 1.220 whole
Nyack 25 4/15/2003 1.245 whole
Nyack 25 4/27/2003 0.960 whole
Nyack 25 6/25/2003 1.076 whole
Nyack 25 8/8/2003 1.270 whole
Nyack 25 8/12/2003 1.49 whole
Nyack 25 9/2/2003 1.501 whole
Nyack 25 9/12/2003 1.480 whole
Nyack 25 10/17/2003 1.400 whole
Nyack 25 12/13/2003 1 525 whole
Nyack 25 2/6/2004 1.510 whole
Nyack 25 4/12/2004 1 215 whole
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Nyack 25 4/27/2004 1.173 whole
Nyack 25 6/23/2004 1.223 whole
Nyack 25 8/14/2004 1.518 whole
Nyack 26 3/23/2003 1.875 whole
Nyack 26 4/16/2003 1.559 whole
Nyack 26 5/27/2003 1.076 whole
Nyack 26 6/25/2003 1.784 whole
Nyack 26 7/16/2003 1 912 whole
Nyack 26 8/6/2003 2.000 whole
Nyack 26 10/11/2003 2.143 whole
Nyack 26 12/13/2003 2.160 whole
Nyack 26 2/23/2004 2.138 whole
Nyack 26 4/7/2004 1.468 whole
Nyack 26 5/3/2004 1.260 whole
Nyack 26 6/23/2004 1.561 whole
Nyack 26 8/20/2004 2.030 whole
Nyack 27 3/23/2003 2 149 whole
Nyack 27 4/16/2003 1 963 whole
Nyack 27 5/27/2003 1.402 whole
Nyack 27 7/16/2003 2.198 whole
Nyack 27 8/6/2003 2.283 whole
Nyack 27 10/10/2003 2.320 whole
Nyack 27 12/13/2003 2.355 whole
Nyack 27 2/16/2004 2.325 whole
Nyack 27 4/7/2004 1.843 whole
Nyack 27 4/28/2004 1.707 whole
Nyack 27 5/3/2004 1.702 whole
Nyack 27 6/23/2004 1.902 whole
Nyack 27 8/10/2004 2.273 whole
Nyack 27 8/13/2004 2.287 whole
Nyack 28 3/23/2003 1.456 whole
Nyack 28 4/16/2003 1.253 whole
Nyack 28 5/27/2003 0.671 whole
Nyack 28 7/16/2003 1.570 whole
Nyack 28 8/6/2003 1.668 whole
Nyack 28 10/10/2003 1.745 whole
Nyack 28 12/13/2003 1.780 whole
Nyack 28 2/16/2004 1.755 whole
Nyack 28 4/7/2004 1.180 whole
Nyack 28 4/28/2004 1.030 whole
Nyack 28 5/3/2004 1.010 whole
Nyack 28 6/23/2004 1.240 whole
Nyack 28 8/10/2004 1.675 whole
Nyack 28 8/13/2004 1.698 whole
Obvious Cow 7/10/2003 2.369 whole
Obvious Cow 8/8/2003 2.440 whole
Obvious Cow 9/2/2003 2.456 whole
Obvious Cow 10/9/2003 2 440 whole
140
Site Name Date
W L
(m )
IN T
(m )
Obvious Cow 11/6/2003 2.448 whole
Obvious Cow 4/12/2004 2.233 whole
Obvious Cow 5/3/2004 2.142 whole
Obvious Cow 6/22/2004 2.265 whole
Obvious Cow 7/31/2004 2.432 whole
Obvious Cow 8/13/2004 2.454 whole
Picture 8/30/2003 1.965 whole
Picture 10/9/2003 2.060 whole
Picture 11/9/2003 2.095 whole
Picture 2/10/2004 1.906 2.00
Picture 2/10/2004 1.906 whole
Picture 3/19/2004 1.805 whole
Picture 3/28/2004 1.724 whole
Picture 4/5/2004 1.518 whole
Picture 4/28/2004 1.084 whole
Picture 4/29/2004 1.169 whole
Picture 5/25/2004 1.409 whole
Picture 6/21/2004 1.465 whole
Picture 6/22/2004 1.465 whole
Picture 7/20/2004 1.756 whole
Picture 8/14/2004 2.000 whole
Picture 9/4/2004 2.034 whole
Railroad 8/4/2002 1.112 whole
Railroad 10/19/2002 1.508 whole
Railroad 1/28/2003 1.478 whole
Railroad 2/6/2003 1.391 whole
Railroad 3/16/2003 1.272 whole
Railroad 4/12/2003 0.980 whole
Railroad 4/15/2003 0.782 whole
Railroad 5/27/2003 0299 whole
Railroad 5/30/2003 0.271 whole
Railroad 6/11/2003 0.610 whole
Railroad 6/25/2003 0.899 whole
Railroad 8/7/2003 1.202 whole
Railroad 8/30/2003 1.308 whole
Railroad 9/12/2003 1.321 whole
Railroad 10/9/2003 1,431 whole
Railroad 10/16/2003 1 430 whole
Railroad 11/9/2003 1.465 whole
Railroad 12/18/2003 1.535 whole
Railroad 2/10/2004 1.395 1.30
Railroad 2/10/2004 1.395 whole
Railroad 3/19/2004 1.220 whole
Railroad 4/5/2004 0.965 whole
Railroad 4/5/2004 0.965 whole
Railroad 4/28/2004 0 661 whole
Railroad 5/3/2004 0.645 whole
Railroad 5/3/2004 0.645 whole
Site Name Date
W L
(m )
IN T
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Railroad 6/22/2004 0.890 whole
Railroad 7/20/2004 1 081 whole
Railroad 8/12/2004 1.305 whole
RFCN Deep 3/10/2004 2.314 whole
RFCN Deep 4/12/2004 2010 whole
RFCN Deep 4/16/2004 1.904 whole
RFCN Deep 5/5/2004 1.808 whole
RFCN Deep 6/23/2004 2.040 whole
RFCN Deep 8/13/2004 2.348 whole
RFCN Medium 10/10/2003 2.208 whole
RFCN Medium 3/10/2004 2.141 whole
RFCN Medium 4/12/2004 1.903 whole
RFCN Medium 4/16/2004 1.815 whole
RFCN Medium 5/5/2004 1.695 whole
RFCN Medium 6/23/2004 1.911 whole
RFCN Medium 8/13/2004 2.195 whole
RFCN Shallow 10/10/2003 2.185 whole
RFCN Shallow 3/10/2004 2.131 whole
RFCN Shallow 4/12/2004 1.894 whole
RFCN Shallow 4/16/2004 1.805 whole
RFCN Shallow 5/5/2004 1.682 whole
RFCN Shallow 6/23/2004 1.907 whole
RFCN Shallow 8/13/2004 2 186 whole
RFCS Deep 9/12/2003 1 778 whole
RFCS Deep 10/10/2003 1.786 whole
RFCS Deep 10/17/2003 1.781 whole
RFCS Medium 7/9/2003 1.485 whole
RFCS Medium 7/16/2003 1.488 whole
RFCS Medium 8/6/2003 1.556 whole
RFCS Medium 8/7/2003 1.555 whole
RFCS Medium 9/12/2003 1.697 whole
RFCS Medium 10/10/2003 1.705 whole
RFCS Medium 10/17/2003 1.700 whole
RFCS Shallow 7/9/2003 1.537 whole
RFCS Shallow 7/16/2003 1.561 whole
RFCS Shallow 7/23/2003 1.577 whole
RFCS Shallow 8/7/2003 1.607 whole
RFCS Shallow 9/12/2003 1.617 whole
RFCS Shallow 10/10/2003 1.625 whole
RFCS Shallow 10/17/2003 1.620 whole
RFCS Shallow 4/16/2004 1.250 whole
RFCS Shallow 5/5/2004 1.115 whole
RFCS Shallow 6/23/2004 1.359 whole
RFCS Shallow 8/12/2004 1.637 whole
RFFN Deep 10/10/2003 2.371 whole
RFFN Deep 10/17/2003 2 366 whole
RFFN Deep 2/25/2004 2 163 whole
RFFN Deep 3/10/2004 2 158 whole
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R f FN Deep 4/12/2004 1 872 whole
RJFFN Deep 4/16/2004 1.774 whole
RFFN Deep 5/5/2004 1.680 whole
RFFN Deep 6/23/2004 1.892 whole
RFFN Deep 8/13/2004 2.189 whole
RFFN Shallow 10/10/2003 2.150 whole
RFFN Shallow 10/17/2003 2.145 whole
RFFN Shallow 2/25/2004 2.135 whole
RFFN Shallow 3/10/2004 2.091 whole
RFFN Shallow 4/12/2004 1.855 whole
RFFN Shallow 4/16/2004 1.774 whole
RFFN Shallow 5/5/2004 1.656 whole
RFFN Shallow 6/23/2004 1.872 whole
RFFN Shallow 8/13/2004 2.146 whole
RFFS Deep 10/10/2003 2.125 whole
RFFS Deep 4/16/2004 1.669 whole
RFFS Deep 5/5/2004 1.498 whole
RFFS Deep 6/23/2004 1.593 whole
RFFS Deep 8/12/2004 1,720 whole
RFFS Shallow 10/10/2003 2.022 whole
RFFS Shallow 4/16/2004 1.583 whole
RFFS Shallow 5/5/2004 1.446 whole
RFFS Shallow 6/23/2004 1.704 whole
RFFS Shallow 8/12/2004 1.994 whole
Sap 3 4/9/2004 1 831 whole
Sap 3 7/27/2004 2.395 whole
S G - B C ®  HA12 7/24/2003 0.595 whole
S G -B C (5 iH A l2 8/7/2003 0.540 whole
S G -B C (r t lH A I2 10/11/2003 0.464 whole
S G -B C @ H A 1 2 2/23/2004 0.530 whole
SG - BC ®  Wallv 7/9/2003 0.654 whole
S G . BC Wally 7/17/2003 0.622 whole
SG -  BC m  Wallv 8/5/2003 0.565 whole
SG - BC Wally 9/12/2003 0.540 whole
S G -B C (^  Wally 10/10/2003 0.670 whole
SG - BC (Ô! Wally 12/5/2003 0.864 whole
SG - BC @ Wally 12/13/2003 0.861 whole
S G . BC (2̂  Wallv 2/16/2004 0.810 whole
SG - BC ®  Wally 3/5/2004 0.765 whole
SG - BC (o> Wally 4/7/2004 1.112 whole
SG - BC @ Wally 4/15/2004 1 188 whole
SG - BC (rt) Wally 4/28/2004 1.372 whole
SG - BC (ÔÎ Wally 6/2/2004 1 016 whole
SG - BC ®  Wally 6/21/2004 0985 whole
SG - BC Wally 8/10/2004 0.788 whole
SG - BC (a). Wally 8/12/2004 0.800 whole
SG - BC Gape A 8/7/2003 0.362 whole
SG - BC Gaue B 7/25/2003 0.490 whole
Site Name Date
W L
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SG - BC Gage B 8/5/2003 0 470 whole
SG - BC Gage B 10/11/2003 0.475 whole
SG - BC Gage B 3/5/2004 0.457 whole
SG - BC Gage J 8/7/2003 0.343 whole
SG - BC Gage J 10/10/2003 0.315 whole
SG - BC Gage J 3/5/2004 0.318 whole
SG - BC Gage J 6/21/2004 0.556 whole
SG - BC Gage J 7/30/2004 0.370 whole
SG - Beaver @ Dry Creek 7/25/2003 0.564 whole
SG - Beaver Dry Creek 7/30/2003 0.549 whole
SG * Beaver (r̂  Dry Creek 8/5/2003 0.540 whole
SG - Beaver (3! Dry Creek 9/10/2003 0 503 whole
SG - Beaver Dry Creek 10/10/2003 0.497 whole
SG - Beaver Dry Creek 2/23/2004 0.491 whole
SG - Beaver Dry Creek 8/15/2004 0.503 whole
SG - Camp 8/1/2003 0.582 whole
SG - Camp 8/5/2003 1.582 whole
SG - Camp 10/9/2003 0.578 whole
SG - Camp 12/18/2003 0.572 whole
SG - Camp 2/23/2004 0.561 whole
SG - Camp 3/10/2004 0.572 whole
SG - Camp 3/16/2004 0.572 whole
SG - Camp 3/19/2004 0610 whole
SG - Camp 4/8/2004 0.760 whole
SG - Camp 4/12/2004 0.737 whole
SG - Camp 4/15/2004 0.813 whole
SG - Camp 4/27/2004 0.775 whole
SG - Camp 4/28/2004 0.864 whole
SG - Camp 5/3/2004 0.851 whole
SG - Camp 5/3/2004 0.869 whole
SG - Camp 5/5/2004 0,902 whole
SG - Camp 5/15/2004 0.730 whole
SG - Camp 5/17/2004 0.724 whole
SG - Camp 5/18/2004 0.737 whole
SG - Camp 5/20/2004 0.757 whole
SG - Camp 5/24/2004 0.752 whole
SG - Camp 5/27/2004 0.767 whole
SG - Camp 6/21/2004 0.724 whole
SG - Camp 6/22/2004 0.737 whole
SG - Camp 6/29/2004 0.734 whole
SG - Camp 7/9/2004 0.708 whole
SG - Camp 7/15/2004 0.689 whole
SG - Camp 7/22/2004 0.584 whole
SG - Camp 8/13/2004 0.572 whole
SG - Cascadilla 7/9/2003 0.076 whole
SG '  Cascadilla 8/7/2003 -0 160 whole
SG - Cascadilla 3/30/2004 0.42 whole
SG - Cascadilla 4/6/2004 1 59 whole
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SG - Cascadilla 4/8/2004 0.610 whole
SO - Cascadilla 6/21/2004 0,372 whole
SO - Cascadilla 8/4/2004 -0.104 whole
SG - Cascadilla 8/26/2004 1.04 whole
SG - Crazy Beaver 7/23/2003 0.580 whole
SG -  Crazy Beaver 8/6/2003 0.440 whole
SG - Crazy Beaver 9/12/2003 0.400 whole
SG - Crazy Beaver 10/10/2003 0.350 whole
SG - Crazy Beaver 2/16/2004 0.310 whole
SG - Crazy Beaver 4/16/2004 1.352 whole
SG - Crazy Beaver 6/21/2004 1.090 whole
SG - Cutbank 7/24/2003 0.440 whole
SG - Cutbank 8/7/2003 0.270 whole
SG - Cutbank 9/19/2003 0.105 whole
SG - Cutbank 10/10/2003 0070 whole
SG - Cutbank 3/5/2004 -0.127 whole
SG - Deertick Moccassin 7/11/2003 2.020 whole
SG - Deerlick ^  Moccassin 8/7/2003 0.128 whole
SG - Deerlick Moccassin 10/10/2003 0.107 whole
SG - Deerlick Moccassin 3/2/2004 0 107 whole
SG - Deerlick @  Moccassin 4/8/2004 0.268 whole
SG - Deerlick Moccassin 6/21/2004 0.207 whole
SG - Deerlick ®  Moccassin 8/14/2004 0 110 whole
SG - Deerlick @  Wheeler 7/24/2003 0.246 whole
SG - Deerlick ^  Wheeler 8/7/2003 0.236 whole
SG - Deerlick (̂ , Wheeler 10/9/2003 0,226 whole
SG - Deerlick Wheeler 3/2/2004 0.219 whole
SG -  Deerlick Wheeler 5/18/2004 0.230 whole
SG - Deerlick @ Wheeler 6/21/2004 0.350 whole
SG - Deerlick (% Wheeler 8/14/2004 0.240 whole
SG - D O T 7/24/2003 0.320 whole
SG - D O T 7/31/2003 0.320 whole
S G -D O T 8/7/2003 0.309 whole
SG - D O T 10/9/2003 0 155 whole
SG - DOT 3/2/2004 0 138 whole
SG - D O T 5/24/2004 0,285 whole
S G -D O T 6/21/2004 0.263 whole
SG - DOT 8/14/2004 0 131 whole
SG - Georges 10/20/2003 0.185 whole
S G -G W R 7/24/2003 0.241 whole
S G -G W R 8/7/2003 0.293 whole
S G -G W R 10/9/2003 0.165 whole
S G -G W R 4/28/2004 0.680 whole
SG - G W R 6/21/2004 0.540 whole
S G -G W R 8/14/2004 0.140 whole
SG - Harrison Creek 2/23/2004 -0,061 whole
SG - M F  (S) Wally 7/17/2003 0,724 whole
SG - M F iS) Wally 8/5/2003 0 602 whole
Site Name Date
W L
(m)
IN T
(m)
SG - M F (3) Wally 10/10/2003 0,457 whole
SG - M F (2! Wally 12/13/2003 0,584 whole
SG - M F @ Wally 2/16/2004 0419 whole
SG - M F  (<̂  Wally 3/5/2004 0.434 whole
SG - Nyack 05 7/9/2003 0.056 whole
SG - Nyack 05 7/24/2003 0.579 whole
SG - Nyack 05 8/6/2003 0.540 whole
SG - Nyack 05 9/12/2003 0.488 whole
SG - Nyack 05 10/9/2003 0.463 whole
SG - Nyack 05 10/17/2003 0.460 whole
SG - Nyack 05 12/13/2003 0.473 whole
SG - Nyack 05 2/6/2004 0.488 whole
SG - Nyack 05 2/23/2004 0.463 whole
SG - Nyack 05 3/5/2004 0.457 whole
SG - Nyack 05 4/8/2004 0994 whole
SG - Nyack 05 4/12/2004 0890 whole
SG - Nyack 05 4/27/2004 1.003 whole
SG - Nyack 05 5/24/2004 0.939 whole
SG - Nyack 05 5/27/2004 0.982 whole
SG - Nyack 05 6/21/2004 0,854 whole
SG - Nyack 05 6/23/2004 0,915 whole
SG - Nyack 05 8/14/2004 0,479 whole
SG - Nyack 05 8/20/2004 0,485 whole
SG - Nyack 09 8/12/2003 0,121 whole
SG - Nyack 09 9/6/2003 0.036 whole
SO - Nyack 09 10/9/2003 0.060 whole
SG - Nyack 09 3/19/2004 0.192 whole
SG - Nyack 12 5/5/2004 1.020 whole
SG - Nyack Creek 2/23/2004 -0,018 whole
SG - OldCamp 7/17/2003 0.335 whole
SG - OldCamp 7/23/2003 0.320 whole
SG - OldCamp 7/25/2003 0,305 whole
SG - OldCamp 8/7/2003 0.271 whole
SG - OldCamp 10/10/2003 0.220 whole
SG - OldCamp 3/5/2004 0.220 whole
SG - OldCamp 4/7/2004 0.610 whole
SG - OldCamp 4/16/2004 0.671 whole
SG - OldCamp 5/5/2004 0.915 whole
SG - OldCamp 6/21/2004 0,518 whole
SO - OldCamp 6/23/2004 0,610 whole
SG - OldCamp 7/14/2004 0,427 whole
SG - Ousel 7/9/2003 0,244 whole
SG - Ousel 12/14/2003 0,372 whole
SG - Ousel 3/30/2004 0,280 whole
SG - Ousel 4/6/2004 0,677 whole
SG - Ousel 4/8/2004 0854 whole
SG - Ousel 4/20/2004 0.579 whole
SG - Ousel 4/27/2004 0,866 whole
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SG - Ousel 5/5/2004 1.390 whole
SG - Ousel 5/10/2004 1.110 whole
SG - Ousel 5/18/2004 0695 whole
SG - Ousel 6/21/2004 0.595 whole
SG - Ousel 7/14/2004 0.366 whole
SG - Ousel 8/4/2004 0.076 whole
SG - Ousel 8/4/2004 0.076 whole
SG - Ousel 8/8/2004 0.194 whole
SG - Ousel 8/18/2004 0.082 whole
SG - Ousel 8/26/2004 0.695 whole
SG - Ousel 9/16/2004 0.345 whole
SG - Ousel 9/29/2004 0.119 whole
SG - Ousel 10/14/2004 -0.030 whole
SG - Rescue Creek 4/12/2004 1.06 whole
SG - Rescue Creek 5/24/2004 1.06 whole
SG - Rescue Creek 8/3/2004 0.183 whole
SG - RFCS 7/9/2003 0.610 whole
SG - RFCS 7/16/2003 0.579 whole
SG - RFCS 7/23/2003 1.850 whole
SG - RFCS 7/25/2003 0.860 whole
SG - RFCS 8/6/2003 0.530 whole
SG - RFCS 9/12/2003 0.503 whole
SG * RFCS 10/10/2003 0.497 whole
SG * RFCS 10/17/2003 0.500 whole
SG - RFCS 2/17/2004 0,518 whole
SG - RFCS 2/25/2004 0.509 whole
SG * RFCS 3/5/2004 0.506 whole
SO - RFCS 4/8/2004 0.793 whole
SG - Toms SB 8/12/2003 0604 whole
SG - Toms SB 8/30/2003 0.623 whole
SG - Toms SB 12/14/2003 0.657 whole
SG - Trey spring 5/15/2004 0965 whole
SG - Trey spring 6/29/2004 0.965 whole
S G -T w in  Spring 6/29/2003 1.509 whole
S G -T w in  Spring 7/16/2003 0.150 whole
S G -T w in  Spring 8/7/2003 0.120 whole
SG - Twin Spring 8/7/2003 1 666 whole
SG - Twin Spring 8/31/2003 1.683 whole
SG - Twin Spring 10/11/2003 0.125 whole
SG - Twin Spring 11/8/2003 1.679 whole
SG - Twin Spring 12/13/2003 0 120 whole
SG - Twin Spring 2/21/2004 1.683 whole
S G -T w in  Spring 2/23/2004 0.115 whole
SG - Twin Soring 4/7/2004 0.370 whole
SG - Twin Spring 4/10/2004 1 433 whole
SG - Twin Spring 5/5/2004 0.600 whole
SG - Twin Soring 5/5/2004 1.160 whole
SG - Twin Spring 6/23/2004 0.350 whole
Site Name Date
W L
(m)
IN T
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SG - Twin Spring 6/24/2004 1.418 whole
SG - Twin Spring 7/22/2004 1 593 whole
SG - Twin Spring 8/20/2004 0.120 whole
SG - Wally Spring 5/27/2003 0.730 whole
SG - Wally Spring 7/9/2003 0.160 whole
SG - Wally Spring 7/17/2003 0.160 whole
SG - Wally Spring 8/5/2003 0.150 whole
SG - Wally Spring 9/12/2003 0.148 whole
SG - Wally Spring 10/10/2003 0.165 whole
SG - Wally Spring 10/17/2003 0.175 whole
SG - Wally Spring 12/5/2003 0.168 whole
SG - Wally Spring 2/16/2004 0.155 whole
SG - Wally Spring 3/5/2004 0.155 whole
SG - Wally Spring 4/8/2004 0.210 whole
SG - Wally Spring 4/15/2004 0.300 whole
SG - Wally Spring 4/28/2004 0.375 whole
SG - Wally Spring 5/3/2004 0.365 whole
SG - Wally Spring 6/2/2004 0.200 whole
SG - Wally Spring 6/21/2004 0.175 whole
SG - Wally Spring 6/23/2004 0 185 whole
SG - Wally Spring 8/10/2004 0.155 whole
SG - Wally Spring 8/12/2004 0 150 whole
SG -Trey Spring 7/17/2003 0.654 whole
SG -Trey Spring 8/7/2003 0.508 whole
SG -Trey Spring 9/12/2003 0.241 whole
SG -Trey Spring 10/10/2003 0 178 whole
Sgt. Deep 10/9/2003 1.615 whole
Sgt Deep 10/16/2003 1.620 whole
Sgt. Deep 12/13/2003 1,657 whole
Sgt. Deep 2/23/2004 1.613 whole
Sgt Deep 4/28/2004 1.342 whole
Sgt. Deep 5/5/2004 1.162 whole
Sgt. Deep 6/23/2004 1.421 whole
Sgt. Deep 8/14/2004 1.634 whole
Sgt. East 6/25/2003 1.905 whole
Sgt. East 7/10/2003 1.988 whole
Sgt. East 8/7/2003 2 108 whole
Sgt. East 8/30/2003 2 154 whole
Sgt. East 9/10/2003 2.378 whole
Sgt. East 10/9/2003 2.170 whole
Sgt. East 11/6/2003 2.151 whole
Sgt East 12/13/2003 2.155 whole
Sgt. East 2/22/2004 2 154 whole
Sgt. East 4/8/2004 1.774 whole
Sgt. East 4/28/2004 1.679 whole
Sgt. East 5/5/2004 1.571 whole
Sgt. East 5/13/2004 1 828 whole
Sgt. East 5/29/2004 1 769 whole
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Sgt East 6/23/2004 1.854 whole
Sgt. East 7/23/2004 2.062 whole
Sgt East 8/14/2004 2.195 whole
Sgt Medium 7/10/2003 1.488 whole
Sgt. Medium 7/24/2003 1 532 whole
Sgt. Medium 8/4/2003 1.559 whole
Sgt. Medium 9/10/2003 1.604 whole
Sgt. Medium 10/9/2003 1.589 whole
Sgt Medium 12/13/2003 1.611 whole
Sgt. Medium 2/23/2004 1.596 whole
Sgt. Medium 4/28/2004 1.257 whole
Sgt. Medium 5/5/2004 1.117 whole
Sgt Medium 6/23/2004 1.390 whole
Sgt. Medium 8/14/2004 1.619 whole
Sgt. North 8/4/2002 2.583 whole
Sgt. North 10/8/2002 2.652 whole
Sgt. North 2/6/2003 2.608 whole
Sgt. North 3/11/2003 2.646 whole
Sgt. North 3/18/2003 2.570 whole
Sgt. North 3/27/2003 2.558 whole
Sgt. North 4/12/2003 2.460 whole
Sgt. North 4/15/2003 2.424 whole
Sgt. North 4/27/2003 1.692 whole
Sgt. North 5/27/2003 1.707 whole
Sgt. North 5/29/2003 1.761 whole
Sgt. North 6/11/2003 2.277 whole
Sgt. North 6/25/2003 2.494 whole
Sgt. North 7/10/2003 2.537 whole
Sgt. North 8/7/2003 2.623 whole
Sgt. North 8/30/2003 2.655 whole
Sgt. North 9/10/2003 2.662 whole
Sgt. North 10/9/2003 2.661 whole
Sgt. North 11/6/2003 2.648 whole
Sgt. North 12/13/2003 2.657 whole
Sgt. North 2/22/2004 2.653 whole
Sgt. North 4/9/2004 2.368 whole
Sgt. North 4/9/2004 2 368 whole
Sgt. North 4/28/2004 2.278 whole
Sgt. North 5/5/2004 2.153 whole
Sgt. North 5/13/2004 2.406 whole
Sgt. North 5/29/2004 2.36 whole
Sgt. North 7/1/2004 2.453 whole
Sgt. North 7/23/2004 2 590 whole
Sgt. North 7/26/2004 2.603 whole
Sgt North 8/14/2004 2692 whole
Sgt. Shallow 7/10/2003 1 698 whole
Sgt Shallow 7/24/2003 1.565 whole
Sgt Shallow 8/4/2003 1.594 whole
Site Name Date
W L
(m)
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(m)
Sgt. Shallow 9/10/2003 1.616 whole
Sgt. Shallow 10/9/2003 1.619 whole
Sgt. Shallow 10/16/2003 1 615 whole
Sgt. Shallow 12/13/2003 1.622 whole
Sgt. Shallow 2/23/2004 1.633 whole
Sgt. Shallow 4/28/2004 1.315 whole
Sgt. Shallow 5/5/2004 1.185 whole
Sgt. Shallow 6/23/2004 1.455 whole
Sgt. Shallow 8/14/2004 1.655 whole
Sgt. South 8/4/2002 1.865 whole
Sgt. South 10/8/2002 1.902 whole
Sgt. South 2/6/2003 1.876 whole
Sgt. South 3/11/2003 1.927 whole
Sgt. South 3/18/2003 1.844 whole
Sgt. South 3/27/2003 1.836 whole
Sgt, South 4/12/2003 1.760 whole
Sgt. South 4/15/2003 1.727 whole
Sgt. South 5/27/2003 1.006 whole
Sgt. South 5/29/2003 1.064 whole
Sgt. South 6/11/2003 1 601 whole
Sgt. South 6/25/2003 1.771 whole
Sgt. South 7/10/2003 1 726 whole
Sgt. South 7/23/2003 1.850 whole
Sgt. South 8/7/2003 1.878 whole
Sgt, South 8/30/2003 1 902 whole
Sgt. South 9/10/2003 1.905 whole
Sgt. South 10/9/2003 1 901 whole
Sgt. South 10/16/2003 1.896 whole
Sgt. South 11/6/2003 1.895 whole
Sgt South 2/23/2004 1 909 whole
Sgt. South 4/8/2004 1.675 whole
Sgt. South 4/28/2004 1.594 whole
Sgt. South 5/5/2004 1.467 whole
Sgt. South 6/23/2004 1.736 whole
Sgt. South 6/23/2004 2.433 whole
Sgt. South 8/14/2004 1.933 whole
Spruce Swale 10/28/2002 1.637 whole
Spruce Swale 2/6/2003 1.599 whole
Spruce Swale 3/18/2003 1 556 whole
Spruce Swale 4/15/2003 1.367 whole
Spruce Swale 5/29/2003 0.797 whole
Spruce Swale 8/8/2003 1.63 whole
Spruce Swale 9/4/2003 1.633 whole
Spruce Swale 10/9/2003 1.625 whole
Spruce Swale 11/9/2003 1.622 whole
Spruce Swale 2/6/2004 1 619 whole
Spruce Swale 4/12/2004 1.323 whole
Spruce Swale 5/3/2004 1.170 whole
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Spruce Swale 6/23/2004 1 343 whole Tinhorn 6/25/2003 1.744 whole
Spruce Swale 8/12/2004 1 628 whole Tinhorn 7/10/2003 1.814 whole
Stump 10/20/2002 1.218 whole Tinhorn 8/7/2003 1 893 whole
Stump 2/6/2003 0.873 whole Tinhorn 9/4/2003 1.920 whole
Stump 3/18/2003 0.79 whole Tinhorn 9/12/2003 1.894 whole
Stump 3/27/2003 0.82 whole Tinhorn 10/9/2003 1.906 whole
Stump 4/14/2003 0.623 whole Tinhorn 10/16/2003 1.930 whole
Stump 5/29/2003 0.257 whole Tinhorn 11/4/2003 1.900 whole
Stump 8/12/2003 0.916 whole Tinhorn 12/13/2003 1.905 whole
Stump 9/2/2003 0.929 whole Tinhorn 3/19/2004 1.694 whole
Stump 11/6/2003 2.034 whole Tinhorn 4/9/2004 5.193 whole
Stump 2/6/2004 2.055 whole Tinhorn 4/9/2004 1 604 whole
Stump 4/12/2004 1.788 whole Tinhorn 4/12/2004 1.667 whole
Stump 5/3/2004 1.696 whole Tinhorn 5/3/2004 1.571 whole
Stump 6/22/2004 1.826 whole Tinhorn 5/28/2004 1.64 whole
Stump 7/31/2004 2.029 whole Tinhorn 6/23/2004 1.709 whole
Stump 8/13/2004 2.064 whole Tinhorn 7/19/2004 1.834 whole
Tadpole A 8/12/2003 2.187 whole Tinhorn 7/26/2004 1.869 whole
Tadpole A 8/31/2003 1.816 whole Tinhorn 8/14/2004 1.930 whole
Tadpole A 12/4/2003 1.785 whole Trey Deep 10/9/2003 1 729 whole
Tadpole A 2/13/2004 1.836 whole Trey Deep 10/16/2003 1.740 whole
Tadpole A 4/8/2004 0.921 whole Trey Deep 12/18/2003 1.800 whole
Tadpole A 4/30/2004 0.937 whole Trey Deep 2/5/2004 1.762 whole
Tadpole A 5/27/2004 0.956 whole Trey Deep 3/19/2004 1.698 whole
Tadpole A 6/25/2004 1.013 whole Trey Deep 4/5/2004 1.555 whole
Tadpole A 7/22/2004 1.514 whole Trey Deep 4/28/2004 1.231 whole
Tadpole A 7/27/2004 1.615 whole Trey Deep 6/22/2004 1.035 whole
Tadpole B 8/12/2003 0.473 whole Trey Medium 6/26/2003 1.204 whole
Tadpole B 8/31/2003 0.518 whole Trey Medium 7/10/2003 1.155 whole
Tadpole B 11/10/2003 0 503 whole Trey Medium 7/24/2003 1.308 whole
Tadpole B 2/13/2004 0.512 whole Trey Medium 8/4/2003 1.407 whole
Tadpole B 4/8/2004 0.416 whole Trey Medium 9/12/2003 1.542 whole
Tadpole B 4/30/2004 0.413 whole Trey Medium 10/9/2003 1.659 whole
Tadpole B 5/27/2004 0.439 whole Trey Medium 10/16/2003 1.680 whole
Tadpole B 6/25/2004 0.477 whole Trey Medium 12/13/2003 1.785 whole
Tadpole B 7/23/2004 0.843 whole Trey Medium 12/18/2003 1.820 whole
Tadpole B 9/4/2004 1.018 whole Trey Medium 2/5/2004 1 650 whole
Tinhorn 8/4/2002 1.872 whole Trey Medium 3/19/2004 1.483 whole
Tinhorn 10/20/2002 1.916 whole Trey Medium 4/5/2004 1.214 whole
2/6/2003 1.852 whole Trey Medium 4/28/2004 0,880 whole
3/11/2003 1.872 whole Trey Medium 6/22/2004 1.131 whole
3/19/2003 1 763 whole Trey Medium 8/12/2004 1 573 whole
3/27/2003 1 798 whole Trey Shallow 6/26/2003 1.082 whole
4/11/2003 1.686 whole Trey Shallow 7/10/2003 1.213 whole
4/14/2003 1.602 whole Trey Shallow 7/24/2003 1.315 whole
5/27/2003 1.137 whole Trey Shallow 8/4/2003 1.386 whole
5/29/2003 1.218 whole Trey Shallow 9/12/2003 1.530 whole
Tinhorn ------------- 6/11/2003 1.555 whole Trey Shallow
10/9/2003 1.647 whole
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Trey Shallow 10/16/2003 1.650 whole Twin Spr Well 5/5/2004 1 030 5 0
Trey Shallow 12/13/2003 1.720 whole Twin Spr Well 5/5/2004 1 160 whole
Trey Shallow 12/18/2003 1.760 whole Twin Spr Well 5/30/2004 1.28
Trey Shallow 2/5/2004 1.591 whole Twin Spr Well 5/30/2004 1.358 whole
Trey Shallow 3/19/2004 1.415 whole Twin Spr Well 6/23/2004 1.421 whole
Trey Shallow 4/5/2004 1.145 whole Twin Spr Well 7/28/2004 1.64 whole
Trey Shallow 4/28/2004 0.814 whole Twin Spr Well 7/28/2004 0.060 whole
Trey Shallow 6/22/2004 1.070 whole Twin Spr Well 8/20/2004 1.689 whole
Trey Shallow 8/12/2004 1.503 whole Wally A 8/22/2002 1 179 whole
Trey's Springbrook Well 11/10/2003 1.111 whole Wally A 10/9/2002 1.251 whole
Trey's Springbrook Well 2/13/2004 1.110 whole Wally A 12/13/2002 1.313 whole
Trey's Springbrook Well 4/11/2004 0.769 whole Wally A 2/2/2003 1.124 whole
Trey's Springbrook Well 4/11/2004 0.769 whole Wally A 2/10/2003 1.228 whole
Trey's Springbrook Well 5/1/2004 0.719 whole Wally A 3/11/2003 1.247 whole
Trey's Springbrook Well 5/15/2004 0.777 4.0 Wally A 3/19/2003 1.199 whole
Trey's Springbrook Well 5/15/2004 0.787 whole Wally A 3/28/2003 1.175 whole
Trey's Springbrook Well 5/30/2004 0.706 whole Wally A 4/12/2003 0921 whole
Trey’s Springbrook Well 6/25/2004 0.782 whole Wally A 4/14/2003 0.729 whole
Trey's Springbrook Well 6/29/2004 0.785 whole Wally A 5/3/2003 0.784 whole
Trey's Springbrook Well 7/22/2004 0.972 whole Wally A2 3/19/2003 1.382 whole
Trey's Springbrook Well 7/27/2004 1 028 whole Wally A2 4/16/2003 1.036 whole
Trey's Springbrook Well 8/19/2004 1.095 whole Wally A2 5/27/2003 0.485 whole
Twin Crossing 7/2/2003 1.043 whole Wally A2 8/6/2003 1.492 whole
Twin Crossing 8/8/2003 1.240 whole Wally A2 10/10/2003 1.595 whole
Twin Crossing 9/2/2003 1.279 whole Wally A2 4/28/2004 0 848 whole
Twin Crossing 10/9/2003 1.302 whole Wally A2 5/3/2004 0.836 whole
Twin Crossing 11/9/2003 1.297 whole Wally A2 6/23/2004 1.068 whole
Twin Crossing 2/22/2004 1.329 whole Wally A2 8/10/2004 1.506 whole
Twin Crossing 4/10/2004 0.915 whole Wally B 8/22/2002 1.178 whole
Twin Crossing 4/10/2004 0.915 whole Wally B 10/9/2002 1.253 whole
Twin Crossing 4/12/2004 0.932 whole Wally B 12/13/2002 1.316 whole
Twin Crossing 4/27/2004 0.853 whole Wally B 2/2/2003 1.129 whole
Twin Crossing 5/5/2004 0.638 2.0 Wally B 2/10/2003 1.229 whole
Twin Crossing 5/5/2004 0.615 5.0 Wally B 3/11/2003 1.254 whole
Twin Crossing 5/5/2004 0.628 whole Wally B 3/19/2003 1 161 whole
Twin Crossing 5/5/2004 0.625 whole Wally B 3/28/2003 1.140 whole
Twin Crossing 5/26/2004 0.924 whole Wally B 4/14/2003 0.728 whole
Twin Crossing 6/23/2004 0.935 whole Wally B 5/27/2003 0.122 whole
Tw in Crossing 6/24/2004 0.922 whole Wallv B 5/29/2003 0.085 whole
Twin Crossing 7/22/2004 1.145 whole Wally B 6/12/2003 0.677 whole
Twin Crossing 7/25/2004 1.183 whole Wally B 6/25/2003 0930 whole
Twin Crossing 8/14/2004 1.293 whole Wally B 7/7/2003 1.045 whole
Twin Crossing 8/20/2004 1,287 whole Wally B 7/10/2003 1.045 whole
7/16/2003 1.634 whole Wally B 8/6/2003 1.216 whole
10/11/2003 1.693 whole Wally B 9/1/2003 1.312 whole
4/7/2004 1 379 whole Wally B 9/12/2003 1.260 whole
Twin Spr Well 4/10/2004 1.433 whole Wally B 9/20/2003 1.306 whole
Twin Spr Well 4/10/2004 0.32 whole Wally B 10/10/2003 1 333 whole
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_W allv  B 10/17/2003 1.315 whole
Wallv B 11/7/2003 1.306 whole
Wally B 12/13/2003 1.350 whole
_ Wally B 2/12/2004 1.371 whole
Wally B 2/16/2004 1.357 whole
Wally B 3/5/2004 1.360 whole
Wally B 4/11/2004 0.859 whole
Wally B 4/11/2004 0.859 whole
Wally B 5/1/2004 0.770 whole
W ally B 5/3/2004 0.591 whole
W ally B 5/24/2004 0.796 whole
W ally B 5/30/2004 0.679 whole
Wallv B 6/23/2004 0808 whole
W ally B 6/24/2004 0.787 whole
Wally B 7/21/2004 1.109 whole
Wally B 7/28/2004 1.206 whole
Wally B 8/10/2004 1.274 whole
Wally B 8/12/2004 1.284 whole
Wally B 8/25/2004 1.071 whole
Wally C 8/22/2002 1.171 whole
Wally C 10/9/2002 1.258 whole
Wally C 12/13/2002 1.333 whole
Wally C 2/2/2003 1.143 whole
Wally C 2/10/2003 1.249 whole
Wally C 3/11/2003 1.273 whole
Wally C 3/19/2003 1.167 whole
Wally C 3/28/2003 1.145 whole
Wally C 4/14/2003 0.731 whole
Wally C 5/3/2003 0.817 whole
Wally C 5/27/2003 0.204 whole
Wally C 5/29/2003 0.177 whole
Wally C 7/7/2003 1.063 whole
Wally C 7/10/2003 1.063 whole
Wally C 8/6/2003 1.243 whole
Wally C 9/1/2003 1 338 whole
Wally C 10/10/2003 I 356 whole
Wally C 11/7/2003 1.327 whole
Wally C 2/12/2004 1.388 whole
W ally C 2/16/2004 1.378 whole
Wally C 3/28/2004 1.085 whole
W ally C 5/1/2004 0.787 whole
Wally C 7/22/2004 1 155 whole
Wally C 8/10/2004 1.296 whole
Wallv C S/I 0/2004 1.302 whole
Wally C2 3/19/2003 1.239 whole
Wally C2 4/16/2003 1.294 whole
Wally C2 5/27/2003 0875 whole
Wallv C2 8/6/2003 1 663 whole
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Wally C2 10/10/2003 1.584 whole
Wally C2 4/28/2004 0.833 whole
Wally C2 5/3/2004 0,827 whole
Wally C2 6/23/2004 1.055 whole
Wally C2 8/10/2004 1.488 whole
Wally D 8/22/2002 1 347 whole
Wally D 8/25/2002 1 359 whole
Wally D 10/9/2002 1 437 whole
Wally D 12/13/2002 1.482 whole
Wally D 2/2/2003 1.296 whole
Wally D 2/10/2003 1 408 whole
Wally D 3/11/2003 1.423 whole
Wally D 3/19/2003 1 318 whole
Wally D 3/28/2003 1.300 whole
Wally D 4/12/2003 1.067 whole
Wally D 4/14/2003 0.914 whole
Wally D 5/3/2003 1.005 whole
Wally D 5/27/2003 0482 whole
Wally D 5/29/2003 0.472 whole
Wally D 6/12/2003 0.848 whole
Wally D 6/25/2003 1.128 whole
Wally D 7/7/2003 1.237 whole
Wally D 7/10/2003 1.237 whole
Wally D 8/6/2003 1.421 whole
Wally D 9/1/2003 1 504 whole
Wally D 10/10/2003 1.520 whole
Wally D 11/7/2003 1.493 whole
Wally D 12/13/2003 1.486 whole
Wally D 2/12/2004 1.534 whole
Wally D 3/28/2004 1.224 whole
Wally D 4/11/2004 1 034 whole
Wally D 4/11/2004 1.034 whole
Wally D 5/1/2004 0.937 whole
Wally D 5/3/2004 0.805 whole
Wally D 5/30/2004 0.894 whole
Wally D 6/23/2004 1.009 whole
Wally D 6/24/2004 0.991 whole
Wally D 7/21/2004 1.277 whole
Wally D 7/28/2004 1.371 whole
Wally D 8/10/2004 1 430 whole
Wally D2 3/19/2003 0.416 whole
Wally D2 4/16/2003 0.074 whole
Wally E 8/22/2002 0 515 whole
Wally E 8/25/2002 0.495 whole
Wally E 10/9/2002 0 553 whole
Wally E 12/13/2002 0 598 whole
Wally E 2/2/2003 0 424 whole
Wally E 2/10/2003 0 531 whole
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Wallv E 3/11/2003 0,532 whole
Wally E 3/19/2003 0 448 whole
Wallv E 3/28/2003 0.430 whole
W allv E 4/14/2003 0,082 whole
W allv E 4/27/2003 0,100 whole
Wally E 5/3/2003 0.164 whole
W ally E 5/27/2003 -0.040 whole
Wally E 6/25/2003 0,259 whole
Wally E 7/7/2003 0.367 whole
W ally E 7/10/2003 0,367 whole
W ally E 8/6/2003 0.529 whole
Wally E 5/3/2004 0,899 whole
Wally E 6/23/2004 1,100 whole
Wally E 8/10/2004 1,500 whole
Wally E RepI 9/1/2003 1 563 whole
Wally E RepI 11/8/2003 1 538 whole
Wally E RepI 2/13/2004 1,581 whole
Wally E RepI 4/11/2004 1,111 whole
Wally E RepI 5/1/2004 1.026 whole
Wally E RepI 6/24/2004 I 080 whole
Wally E RepI 7/21/2004 1,353 whole
Wally E Replacement 4/11/2004 1,11 whole
W ally E Replacement 5/30/2004 0.989 whole
Wally E Replacement 7/28/2004 1,436 whole
Wally F 8/22/2002 0.555 whole
Wally F 8/25/2002 0.567 whole
Wally F 10/9/2002 0.605 whole
Wally F 12/13/2002 0.655 whole
Wally F 2/2/2003 0.529 whole
Wally F 2/10/2003 0 617 whole
Wally F 3/11/2003 0.605 whole
Wally F 3/19/2003 0,538 whole
Wally F 3/28/2003 0,520 whole
Wally F 4/14/2003 0,251 whole
Wally F replacement 8/12/2004 0 960 whole
Wally G 8/22/2002 0,727 whole
Wally 0 8/25/2002 0,733 whole
Wally 0 10/9/2002 0 761 whole
Wally G 12/13/2002 0 801 whole
Wally G 2/2/2003 0,724 whole
Wally G 2/10/2003 0.774 whole
Wally G 3/11/2003 0.768 whole
Wally G 3/19/2003 0.793 Whole
Wally G 3/28/2003 0 795 whole
Wally G 4/14/2003 0 646 whole
Wally G 4/15/2003 0.634 whole
Wally G 5/3/2003 0 666 whole
Wally G 5/27/2003 0226 whole
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Wally G 5/29/2003 0.176 whole
Wally G 6/12/2003 0.549 whole
Wally G 6/25/2003 0680 whole
Wally G 7/7/2003 0.739 whole
Wally G 7/10/2003 0.739 whole
Wally G 8/6/2003 0.815 whole
Wally G 9/1/2003 0,857 whole
Wally G 9/12/2003 0 831 whole
Wally G 9/20/2003 0.847 whole
Wally G 10/10/2003 0.841 whole
Wallv G 10/17/2003 0 821 whole
Wallv G 11/8/2003 0,831 whole
Wally G 12/13/2003 0 825 whole
Wally G 2/13/2004 0,857 whole
Wally G 2/16/2004 0 845 whole
Wally G 4/11/2004 0.633 whole
Wallv G 4/11/2004 0,633 whole
Wally G 4/15/2004 0,534 whole
Wally G 4/28/2004 0,510 whole
Wally G 5/3/2004 0.510 whole
Wally G 5/3/2004 0,512 whole
Wally G 5/30/2004 0,579 whole
Wally G 6/23/2004 0.626 whole
Wally G 6/24/2004 0,622 whole
Wally G 7/25/2004 0,765 whole
Wally G 7/28/2004 0,78 whole
Wally G 8/10/2004 0.820 whole
Wally G 8/12/2004 0.823 whole
Wally G2 3/19/2003 0.727 whole
Wally G2 4/14/2003 0,515 whole
Wally G2 6/25/2003 0,549 whole
Wally G2 8/5/2003 0,775 whole
Wally G2 9/12/2003 0,783 whole
Wally G2 10/10/2003 0,795 whole
Wally G2 12/13/2003 0.775 whole
Wally G2 4/15/2004 0.352 whole
Wally G2 4/28/2004 0.330 whole
Wally G2 5/3/2004 0.335 whole
Wally G2 6/23/2004 0490 whole
Wally G2 8/10/2004 0.768 whole
149
Appendix N -  Slug Test Numerical Model: Effects of Anisotropy
Many studies have focused on the effects of anisotropy on slug tests 
in partially penetrating wells (Widdowson et al., 1990; Zlotnik, 1994; Butler 
and Healey, 1998; Zlotnik et al., 1998; Butler et al., 2003; lllman, 2004).
Most authors state that slug tests conducted in an aquifer with 10% 
anisotropy (Kz/Kh = .1) will reduce horizontal hydraulic conductivity estimates 
by around 40%.
This phenomenon is not intuitive. Therefore, we conducted our own 
independent study by setting up a simple numerical model of a slug test.
The model dimensions were: 11m wide x 15m long x 11m high. Grid size 
was the width of a 7.62-cm well in the x- and y-directions and 1m in the z- 
direction. Therefore, there were 11 layers. A constant head boundary of 
11m was set across the top. Head values were specified in all cells to be 
11m except for the cell representing the 1 m screened interval that was 
packed off, which was set to 10.9m. All cells above and below the cell 
representing the screened interval were inactivated so return flow would not 
take place in the vertical direction. Storage properties were set to normal 
values for the aquifer (Sy = .2, effective porosity = .2, total porosity = .3), but 
were greatly increased within the cell representing the screened interval (Sy 
= .999, effective porosity = .999, total porosity = .999). Hydraulic 
conductivity of the cell representing the screened interval was set to 100,000 
m/d. This was done in order to mimic the well screen and open conduit by 
not restricting flow.
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A transient model was then run under an isotropic scenario and an 
anisotropic scenario for 24 stress periods of 5 seconds each (2 minutes).
For the first run, horizontal and vertical hydraulic conductivity were set to 400 
m/d (isotropic). For the second run, the vertical hydraulic conductivity was 
set to 40 m/d (Kz/Kr = .1; anisotropic). The flow to the well was reduced by 
38% in the first stress period of the slug test and by 44% in the 10̂  ̂stress 
period in the anisotropic case. Therefore, anisotropy will result in an 
underestimation of horizontal hydraulic conductivity and it was appropriate to 
make the correction.
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